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1 Overview

Introduction

Welcome! Trimble Navigation Limited is committed to excellencein
product training services.

The overall goal of this courseis for you to learn how to use the
Trimble® Real-Time Kinematic Surveying (RTK) system so that you
can perform your work tasks with confidence.

Course Objectives
At the end of this course, you will be able to:

e Understand GPS fundamentals and apply RTK criteriato a
survey project

*  Understand the RTK system and know the requirements for
Real-Time Kinematic surveying

e Configure and operate RTK system components

«  Apply coordinate system and GPS site calibration theory to a
Real-Time Kinematic survey

»  Effectively use feature codes

»  Perform field data collection procedures and office data
processing.

e Confidently conduct a GPS Real-Time Kinematic survey

Course Overview

The courseincludes an overview of GPS and RTK fundamentals. You
will learn to carry out a Real-Time Kinematic surveying project,
including:

e Performing field reconnaissance
*  Planning aproject

e Configuring the software

2 Real-Time Kinematic Surveying
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*  Setting up equipment
*  Recording, transferring, and processing data
»  Exporting datain desired coordinate systems and formats

e Generating plans and reports

Review questions

Review questions in each section help you to evaluate your successin
achieving the course objectives.

Course Materials

The materials provided for your Real-Time Kinematic surveying
training course include this training manual, which you can use during
the class and on the job. The training manual explains the
fundamentals of GPS, provides classroom and field exercises, and
includes a glossary of terms.

Product Overview

In this course, you will learn about and use Trimble receivers, the
Trimble controllers (TSCe™ or ACU) running the Trimble Survey
Controller™ software, and processing software products that are
designed to works together for Real-Time Kinematic surveying.

The Trimble controllers described in this manual are the TSCe and the
ACU (Attachable Control Unit). Where any information relates to

only one of these controllers, it isindicated with anicon, Yt (TSCe)
or [ (ACU). -

Trimble provides several solutions to your survey need: from
integrated all-in-one designs and modular component design, to fully
robotic optical reflectorless design. All Trimble total stations are

Real-Time Kinematic Surveying 3
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rugged, weather resistant, and share common options and accessories.
They all use the same Trimble survey data format and supporting
software.

Trimble's GPS Total Station® (RTK) system lets you precisely collect
datain real-time. The GPS Total Station comes as a complete system
comprising of:

GPS Receiver

Trimble controller running Trimble Survey Controller
Processing software

Radio (optional purchase)

Accessories (optional purchase)

GPS Receivers

Table 1.1 shows how a 5700 receiver is used in atotal station setup.
LEDs monitor the survey in progress and the availabl e battery

capacity.
Table 1.1 Trimble GPS Total Station receivers
Receiver Use Operation LEDs
5700 L1 /L2 frequency receiver Records GPS data on an internal 5
GPS surveying applications CompactFlash card
One-touch data logging Makes all data available through serial
or USB ports. (internal radio available)
4  Real-Time Kinematic Surveying
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The Trimble Controller

The Trimble controller running the Trimble Survey Controller
software controls the Real-Time Kinematic systems and makes
surveying afaster and more efficient process. Trimble Survey
Controller isthelink between all Trimble GPS receivers and the office
software suites. It also links Trimble GPS/Conventional products to
other existing optical total station products.

With the Trimble Survey Controller you can:

e Configure instrument settings and data collection methods to
best suit your requirements.

*  Collect features and attributes according to a feature and
attribute library that you define in the Trimble Geomatics
Office™ software or within the Trimble Survey Controller.

e Calculate areas, offsets, and intersections to points, lines,
or arcs.

e  Stake out design or calculated features, including road
templates and DTM.

»  Communicate with other optical total station products.
*  Monitor the status of your RTK system.

Processing Software

Geomatics is the design, collection, storage, analysis, display, and
retrieval of spatial information. The collection of spatial information
can be from avariety of sources, including GPS and terrestrial
methods. Geomatics integrates traditional surveying with new
technol ogy-driven approaches, making geomatics useful for avast
number of applications.

Real-Time Kinematic Surveying 5
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The Trimble Geomatics Officeis alink and survey reduction package.
It provides a seamless link between your fieldwork and design
software. The software includes an extensive feature set which helps
you to verify your fieldwork quickly, perform survey-related tasks
easily, and export your data to athird-party design package.

Use Trimble Geomatics Office for awide variety of tasks, including:

Create data dictionaries or feature and attribute libraries.
Import and export data from any GIS/CAD source.
Import data from conventional total station products.

Create geoid sub-grid models and transfer them to the
controller.

Edit your data graphically and textually.

Perform multiple site calibrations and save them as unique sites.
Communicate with other Trimble software.

Produce scaled plots of your data.

Process static data.

Perform network adjustment of GPS and terrestrial data.

Create and edit any local, global, or existing coordinate system.
Work in atruly georeferenced global coordinate system.

View and edit third-party road design files, and create digital
terrain models (DTM).

Trimble Resources

Internet

The Trimble website provides access to Trimble's newest customer
support tools. To obtain technical documents and utilities, access the
website directly at http://www.trimble.com.

6 Real-Time Kinematic Surveying
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Product training

For information about training on Trimble products, check the Trimble
website or contact your local dedler.

Technical assistance

If you have a problem and cannot find the information you need in the
product documentation, check the Trimble website or contact your
local dedler. To find your local dealer, go to www.trimble.com, then
click Where to Buy.

Contact details
Trimble local deder:

Company name

Phone number

Fax number

E-mail

Contact person

Other Resources

The following website provides GPS as well as control point
information, primarily in the United States. For information about
your region, ask your trainer.

Real-Time Kinematic Surveying 7



1 Overview

U.S. Coast Guard (USCG)

Thisisasource for current GPS and satellite information, including
information on the number of operational space vehicles (SVs), times
and dates they will be available, and launch dates for new and
replacement SVs.

U.S. Coast Guard web site: http://www.navcen.uscg.gov/default.ntm

Document Conventions
The document conventions are as follows:

Convention Definition

Italics Identifies software menus, menu commands,
dialog boxes, and the dialog box fields.

Helvetica Narrow Represents messages printed on the screen.

Helvetica Bold Identifies a software command button, or

represents information that you must type in a
software screen or window.

Is an example of a hardware key (hard key) that
you must press on the controller keypad.

“Select Italics / Italics” Identifies the sequence of menus, commands, or
dialog boxes that you must choose in order to
reach a given screen.

Is an example of a hardware function key that you
must press on a personal computer (PC). If you
must press more than one of these at the same
time, this is represented by a plus sign, for

example, (Ctrl}+{C].

Is an example of a softkey. For more information,
see, Softkeys, page 73.

8 Real-Time Kinematic Surveying
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2 GPS and Surveying

Introduction

This chapter introduces you to the Global Positioning System (GPS)
and the concepts related to surveying with GPS.

Session Objectives

At the end of this session, you will be able to identify and explain the
following GPS elements:

*  Segments

«  Satellite signal structure and observables
e Coordinate systems

»  Sources of error in measurements

*  Surveying concepts and techniques

The Global Positioning System

The Global Positioning System is a constellation of at least 24
satellites that act as reference points so that a GPS receiver can
calculate accurate position information. GPS uses satellites and
computers to compute positions anywhere on Earth. The system is
owned, operated, and controlled by the United States Department of
Defense (DoD). However, it can be used by any civilian worldwide,
day or night, in any weather conditions, and is free of charge.

10 Real-Time Kinematic Surveying
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GPS segments

GPS consists of the following three segments:

Space

In the space segment thereisa
minimum of 24 operational
NAVSTAR (NAVigation Satellite
Timing And Ranging) satellites
(SVs) in space. Usualy there are
approximately 27, but this number
changes constantly as satellites are
commissioned (put into operation)
and decommissioned (removed
from operation). They orbit the
earth every twelve hours at an

altitude of about 20,200 km.

The satellites are grouped into 6 orbits, each inclined at 55 degreesto
the equatorial plane and evenly spaced at 60 degrees apart. Each
satellite transmits radio signals that are marked with unique
identifying codes.

High-precision atomic clocks on the satellites control the generation of
these signals and codes.

Control

The control segment isthe “brain” of GPS. The United States
Department of Defense (DoD) controls the system using a master
station and four ground-based monitor/upload stations. Each satellite
passes over a monitoring station twice a day.

e Themonitor stations continuoudly track the satellites and
provide this data to the master station.

Real-Time Kinematic Surveying 11
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e Themaster station islocated at Schriever Air Force Basein
Colorado Springs, Colorado, USA. The station calculates
corrections to synchronize the atomic clocks aboard the
satellites, and revises orbital information. It then forwards these
results to the upload stations.

*  Theupload stations update each individual satellite using the
information provided by the master station.

The master station, and monitor/upload stations are shown in
Figure 2.1.

Schriever AFB Colorado Springs
Master Control

Hawaii Ascension Island Diego garcia Kwajalein

Figure 2.1 GPS master station, and the monitor/upload station network
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User

Anyone who has a GPS receiver can use
GPS, and signals are used by civilians as
well as by the military. Initially, GPS
receivers were used mainly for position
determination and navigation, but now
they are used for arange of precise survey
tasks on land, on sea, and in the air.
Applications include surveying,
agriculture, aviation, emergency services,
recreation, and vehicle tracking.

For more information about GPS
applications, visit the Trimble website
(www.trimble.com). Civilian users
currently outnumber military users.

Satellite Signal Structure

Each component of a satellite signal is
called an observable, for examplethe L1
carrier, or C/A code are both observables.

Satellite Signal Structure

L1=19cm
L2=24cm A

Carrier

[ S Y

Code

& Trimble

Real-Time Kinematic Surveying

13



2 GPS and Surveying
Each satellite transmits two Satellite Sianal Struct
unique codes. The first, and o Digne SHere
more si mpl ecodeiscalled (F:::j;ncy I1-.:,75.42 MHz :;27.60 MHz
the C/A (coarse acquisition) Wavelength 19cm 24em
COde. The %Cond COde iS Code Modulation C/A-code -
called the P (precise) code. roreode roreode
These codes are modul ated Ny
onto two carrier waves, L1 P~ Pracis Gods (-Gado whan ancyied) ‘
and L2. parametors and SV orial parametere. -+ o o™ SPhemets
L1isthe primary L-band £ Trimble
carrier with awavelength of
19 cm. The frequency is 1575.42 MHz. It is modulated by C/A code,
P-code, or Y-code, and a 50 bit per second navigation message.
L2 isthe secondary L-band carrier with awavelength of 24 cm. The
frequency is 1227.6 MHz. It is modulated by P-code or Y -code, and a
50 bit per second navigation message.
C/A codeis modulated onto an L1 signal. The codeis astring of 1023
digital bitsin a pattern so complex that it looks random, and so is
called pseudorandom (PRN) code or noise.
Thereisadifferent C/A code PRN for each SV. GPS satellites are
often identified by their PRN number, the unique identifier for each
pseudo-random-noise code.
It repeats every millisecond (1.023 MHZz)
The P-Code (Precise) modulates both the L1 and L2 carrier phases.
The P-Codeis avery long (it takes seven days until code starts
repeating itself).
When Anti-Spoofing is active, the P-Code is encrypted into the
Y-Code.
GPS receivers are single-frequency or dual-frequency.
Single-frequency receivers observe the L1 carrier wave, while
dual-frequency receivers observe both the L1 and L2 carrier waves.
14 Real-Time Kinematic Surveying
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Navigation message contains system time, clock correction
parameters, ionospheric delay model parameters, and details of the
satellite's ephemeris and health. The information is used to process
GPS signals to obtain user position and vel ocity.

The position of each of the
satellitesis precisely known SATELLITE RANGING
at all times.

They act as “known points’
in space. Knowing the
distance (range) from the
GPS antenna phase center
(APC) to each of the
satellites enables the receiver
to calculate it’s position.

Fourth measurement will decide between

@ Trimble

Positions are resolved by
trilateration after determining the range to each visible satellite.

Ranges are measured using the code or the phase of the carrier wave.

Satellite range based on code measurements

The GPS receiver has a C/A code generator that produces the same
PRN code as the satellite does. Code received from the satelliteis
compared with the code generated by the receiver, sliding areplica of
the code in time until there is correlation with the SV code, as shown
in Figure 2.2.

From satellite

From ground receiver

Figure 2.2 Code measurements

Real-Time Kinematic Surveying 15
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There is atime difference between when the same part of the codeis
generated in the satellite and when it is received at the GPS antenna.
Code measurements make it possible to record this time difference.
The measurements are multiplied by the speed of light (speed at which
GPS signal travels), so range can be determined.

Code range observables provide pseudorange time differences
between satellites and a single autonomous receiver.

Theresult of acoderangeis called the autonomous position. To obtain
the autonomous position, only one receiver is required.

This position may be used in baseline processing as an initial receiver
starting position.

Satellite range based on carrier phase measurements

Survey-grade GPS receivers measure the difference in carrier phase
cycles and fractions of cycles over time.

At least two receivers track carrier signals at the same time.

Carrier phase istracked at both receivers and the changesin tracked
phase are recorded over time in both receivers.

The wavelengths of the L1 and L2 waves are known, so ranges are
determined by adding the phase difference to the total number of
waves that occur between each satellite and the antenna.

Carrier phase observables provide true range, the exact number of
wavel engths from the antenna phase center to the satellite, between
two receivers.

Real-Time Kinematic Surveying
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Determining the full number
of cycles between the
antenna and the satelliteis
referred to as the integer
ambiguity search.

Resolving the integer
ambiguity is essential for
surveysthat require
centimeter-level precision.

For postprocessed surveys,
the WAVE™ Baseline

The Integer Ambiguity

AA = First Partial Wavelength
N = Integer Ambiguity

processing module resolves the integer ambiguity and determines the
integer during baseline postprocessing.

For Real-Time Kinematic surveys (RTK), the rover receiver resolves

the integer ambiguity and determines the integer during initialization

process.

Theresult of acarrier phase
based measurementsisa
baseline. It takes two
receivers observing GPS
signal simultaneously to
produce a baseline.

When the data from these
two receiversis combined,
the result is a baseline
comprising a 3D vector
between the two stations.

Carrier Phase Results

_— ?&é

==

Baseline or Vector
(cm precision)

Azi =212° 42’ 49.8244" AX=-408251 m
Dist=557.05307m QR AY= -84.830m

AElev=4.8751 m AZ=-369413m

2 Trimble

The position of one GPS receiver is relative to another.

The baseline is measured from antenna phase center (APC) to antenna

phase center (APC). Antenna heights are used to reduce results to

ground values.

Carrier wave observations are available as real time or postprocessed

results.

Real-Time Kinematic Surveying
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GPS Coordinate Systems

The GPS coordinate system is described in the following sections:
»  Earth Centered Earth Fixed

e Reference Ellipsoid
» ECEFand WGS-84

*  Geoid and GPS Height

Earth-centered, earth fixed

ECEF isacartesian
coordinate system used by
the WGS-84 reference
frame. In this coordinate
system, the center of the
system is at the earth’s
center of mass. The zaxisis
coincident with the mean
rotational axis of the earth
and the x-axis passes
through 0° N and 0° E. The
y-axisisperpendicular tothe

ECEF Coordinate System

2Trimble

plane of the x- and z-axes. All axes are fixed to the earth’s motion.

Real-Time Kinematic Surveying
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Reference ellipsoid

A reference ellipsoidisa
mathematical model of the
earth, formed by rotating an
ellipsearound its semi-minor
axis (b). For elipsoids that
model the earth, the semi-
minor axisisthe polar axis
(b) and the semi-major axis
(a) isthe equatorial axis. An
ellipsoid is completely
defined by specifying the
lengths of both axes, or by

Reference Ellipsoid

a = semi-major axis
b = semi-minor axis
) (a—b)
Flattening f==——
¢ = latitude
A = longitude
H = ellipsoidal height

WGS-84 Ellipsoid
a=6378137.000000 m
b = 6356752.314245 m

1/f = 298.2572235630

& Trimble

specifying the length of the major axis and the flattening.

GPS usesthe WGS-84 ellipsoid as areference ellipsoid. Its parameters

are:

e semi-major axis (a) = 6378137.000000 m

*  semi-minor axis (b) = 6356752.314245 m

* inverseflattening (1/f) = 298.2572235630
Positions relative to the ellipsoid are referred to as:

e Latitude — Angular measurement north or south of the equator

e Longitude — Angular measurement east or west of the
Greenwich meridian, passing through Greenwich, England

»  Height — Distance above or below the reference surface

Real-Time Kinematic Surveying 19
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ECEF and WGS-84

The WGS-84 geodetic datum
is amathematical model ECEF and WGS-84
designed to fit part or al of
the geoid (the physical
earth’s surface). A geodetic
datum is defined by the
relationship between an
ellipsoid and the center of the
earth. For ECEF and
WGS-84, mathematical
conversions can be

calcul ated between the two
reference systems.

@ Trimble

The model takes into account the size and shape of the ellipsoid, and
the location of the center of the ellipsoid with respect to the center of
the earth (a point on the topographic surface established as the origin
of the datum).

All GPS coordinates are based on the WGS-84 datum surface.

Geoid and GPS height

The geoid is the surface of
gravitational equipotential GPS Heights vs. Elevations
that closely approximates
mean sea level. Itisnot a
uniform mathematical shape,
but isanirregular figure with
an overall shape similar to an
ellipsoid.

© = Orthometric Height
H=Ellipsoid Height
N = Geoid Height

e=H-N
@ Trimble
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Generally, the elevations of points are measured with reference to the
geoid. However, points fixed by GPS methods have heights referenced
to the WGS-84 datum (a mathematical figure).

The relationship between the WGS-84 datum and the geoid must be
determined by observation, asthereis no single mathematical
definition that can describe the relationship. You must use
conventional survey methods to observe the elevation above the geoid,
then compare the results with the height above the WGS-84 €llipsoid
at the same point.

By gathering alarge number of observations of the separation between
the geoid and the WGS-84 datum (geoid separation), grid files of the
separation values can be established. This allows the interpolation of
the geoid separation at intermediate positions. Files containing these
grids of geoid separations are referred to as geoid models. Given a
WGS-84 position that falls within the extents of a geoid model, the
model can return the interpolated geoidal separation at this position.

Error Sources in GPS

Measurement errors can never be completely eliminated. This section
explains the following sources of errorsin GPS:

e Satellite geometry

e Human error

«  Selective Availability (SA) and Anti-Spoofing (AS)
»  Atmospheric effects

e Multipath

Real-Time Kinematic Surveying 21
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Satellite geometry

Dilution of Precision (DOP) is an indicator of the quality of a GPS
position.

It isaunitless figure of merit expressing the relationship between the
error in user position and the error in satellite position. It takes into
account the location of each satellite relative to other satellitesin the
constellation, as well astheir geometry relative to the GPS receiver.

PDOP isinversely proportional to the volume of the pyramid formed
by lines running from the receiver to four satellites observed.

Values considered good for positioning are small (for example, 3).
Values greater than 7 are considered poor. Small PDOP is associated
with widely separated satellites.

PDOP isrelated to horizontal and vertical DOP by:
PDOP2=HDOP? +VDOP?,
A low DOP value indicates a higher probability of accuracy.
Standard DOPs for GPS applications are:

PDOP - Position Dilution of Precision (three coordinates)

« RDOP-—Relative Dilution of Precision (Position, averaged over
time)

e HDOP — Horizontal Dilution of Precision (two horizontal
coordinates)

e VDOP — Vertical Dilution of Precision (height only)
e TDOP-Time Dilution of Precision (clock offset only)

*  GDOP — Geometric Dilution of Precision. (The relationship
between errorsin user position and time, and errorsin satellite
range).

Real-Time Kinematic Surveying
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Good PDOP occurswhen the
satellites are geometrically
bal anced above your
position.

GPS precision is diluted,
leading to poor PDOP, when
satellites are not balanced.
Poor PDOP may occur:

« evenwhenyou havea
large number of
satellites, if they arein
aline

 whenall satellitesare
positioned directly
overhead or all arein
one cluster in the sky

Good Satellite Geometry

" @
@ Trimble
Poor Satellite Geometry
v
SO
@ Trimble

The PDOP mask is a user-definabl e setting that limitsthe effects of SV
geometry on the accuracy of GPS position. It isthe highest PDOP
value at which areceiver will compute positions.

Human error

Human error istypically the greatest contributor of error. Some

examplesinclude:

e Misreading antenna height measurements

e Transposing numbersincorrectly

Real-Time Kinematic Surveying 23




2 GPS and Surveying

*  Rushing observations and shortening observation times
»  Poor centering and leveling over points.

SA and AS

The Department of Defense (DoD, USA) controls Selective
Availability (SA) and Anti-Spoofing (AS).

Selective Availability — SA was a purposely-introduced artificial
degradation of the GPS satellite signal. It involved distorting the
information about SV location and time, two main componentsin
calculating the receiver’s position. The magnitude of the error in
autonomous GPS introduced by the SA was 100 m (H) and 156 m (V).

Selective Availability was turned off on 1 May 2000.

The error in autonomous GPS position since discontinuation of SA is
approximately 8-10 m (H) and 10-15 m (V).

Anti-Spoofing — AS allows transmission of an encrypted Y-code in
place of P-code. Y-code is intended to be useful only to authorized
(primarily military) users. ASisused to deny thefull precision of GPS
to civilian users.

Atmospheric effects

The troposphere is alayer
filled with water vapor that Atmospheric Effects
basically produces our local
weather. Standard modelsare
used to account for and
remove this error.

The ionosphere is alayer of
the atmosphere with charged
particles, 80 to 120 miles

<10 km
& Trimble
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Multipath

above the earth’s surface. The ionosphere affects the accuracy of GPS
measurements by causing adelay in GPS signal.

With the ionosphere, the distortion of the satellite signals varies with
the thickness of the layer and the activity of charged particles. The
level of activity of thislayer is affected by the solar cycle. Every 11
years, the sun goes through its most active period, known as the * solar
maximum”. During thistime, there are many sunspots, solar flares and
coronal mass gjections, which can al affect GPS systems used on
Earth.

With baselines shorter than 10 km, the effects are almost equal at each
receiver, therefore you do not need to use ionospheric modeling.

If long baselines are measured, you need to use ionospheric modeling
in order to cancel the effects of ionosphere. It is also alimiting factor
for the distance of RTK technique.

Multipath is an interference,
similar to ghosting on a Multipath
television screen, and occurs
when GPS signals traverse
different paths before
arriving at the antenna. A
signal that traverses alonger
path yields alarger
pseudorange estimate and
increasestheerror. If asigna
reflects off a structure near
the antenna, its path islonger
and it reaches the receiver from multiple paths.

@ Trimble

Structures that can reflect signals include mountains, trees, towers,
buildings, bodies of water, and the surface of the ground.

Real-Time Kinematic Surveying 25
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GPS receivers contain multipath rejection technologies to minimize
the effect of reflected signals. However, Trimble recommends that you
observe in multipath-free sitesif possible.

Collecting data for longer time periods or using a ground plane with
your GPS antenna can help reduce the effect of multipath.

GPS Surveying Concepts

GPS surveying requires the simultaneous observation of the same four
(or more) satellites by at least two GPS receivers. Although you can
use more than two receivers for some surveys, this manual limits
discussion to the use of two: the base receiver and arover receiver.

The base receiver islocated over a known control point for the
duration of the survey. The rover receiver is moved to the points that
areto be surveyed or staked out. When the data from these two
receiversis combined, the result isa 3D vector (baseline) between the
base antenna phase center (APC) and the rover antenna phase center
(APC).

You can use different observation techniques to determine the position
of therover receiver relative to the base. These techniques are
categorized according to the time at which a solution is made
available:

e Real-timetechniques use aradio to transmit base observations
to the rover for the duration of the survey. As each measurement
is completed, the solution is resolved.

*  Postprocessed techniques require data to be stored and resolved
some time after the survey has been completed.

Generally, the technique you choose depends on factors such as the
receiver configuration, the accuracy required, time constraints, and
whether or not you need real-time results.

Real-Time Kinematic Surveying
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GPS Surveying Techniques

Trimble GPS systems et you survey using the Differential, Kinematic,
or Static/FastStatic survey techniques. Table 2.1 shows details of these

Table 2.1 Survey technique details

different techniques.

Variable Differential Kinematic Static/FastStatic
Real-time Yes Yes No
(RTDIiff or DGPS) (RTK)
Postprocessed No Yes Yes
(PPKin)
Receiver Single or dual frequency
Measurements  C/A-code Carrier phase Carrier phase
Initialization No Yes No
See the following
section for details.
Continuous SV No Yes 45 minutes or longer for Static
tracking 4 or more SVs (highest precision)
required common to base  8-30 minutes for FastStatic
and rover Tracking time required depends
receivers on the receiver type, baseline
length, and the number and
geometry of the satellites.
Precision sub-meter centimeter centimeter

Kinematic survey initialization

To achieve the required precision, RTK and PPK surveys must first be

ini

tialized:

Real-time survey — Set the rover over aknown or anew point. If
the rover hasthe on-the-fly (OTF) optioninstalled, and there are
at least five common satellites, initialization can aso be
achieved while the rover is moving.

Real-Time Kinematic Surveying 27
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*  Postprocessed survey — Set the rover over aknown or a new
point. OTF initialization is attempted when there are five or
more common satellites, whether or not the receiver has OTF
option installed.

Note — If the number of common satellites falls below four while you
are surveying, the survey must be reinitialized when four or more
satellites are again being tracked.

Techniques for Survey Tasks

Surveyors use GPS for control surveys, topographic surveys, and
stakeout.

Control surveys

Control surveys establish control pointsin aregion of interest.
Baselines are measured using careful observation techniques. These
baselines form tightly braced networks, and precise coordinates result
from the rigorous adjustment of the networks. Static and FastStatic
observation techniques, combined with a network adjustment, are best
suited to control work.

Topographic surveys

Topographic surveys determine the coordinates of significant pointsin
aregion of interest. They are usually used to produce maps.

Kinematic techniques (real-time or postprocessed) are best suited to
topographic surveys because of the short occupation time required for
each point.

28 Real-Time Kinematic Surveying



GPS and Surveying 2

Stakeout

Stakeout is the procedure whereby predefined points are located and
marked. To stake out a point, you need resultsin real time. Real-Time

Kinematic (RTK) isthe only technique that provides centimeter-level,
real-time solutions.

Figure 2.3 summarizes the different survey techniques.

‘Real-time solutions?‘
No

Yes
Y
Log raw data?

No ——
Yes

'ou need data storage capacity
and processing software

— i 9';
Yes All the time~ No

@Vhen radio is down)

A

Y \i \i

‘Centimeter-level?| | Centimeter-level? | ‘ Centimeter-level?| | Centimeter-level?
No Yes No Yes No Yes Yes
Y Y Y
RT Differential RT Diff & RT Diff & Infill
Data logging
\ | PPKin
‘ RT Kinematic‘ ’RTK & Data logging ‘ ’ RTK & Infill ‘ or FastStatic

Figure 2.3 Choosing an appropriate survey technique
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Review Questions

These questions test what you have learned about the Global
Positioning System and GPS surveying requirements:

1

10.

What are the three segments of GPS?

What is the structure of the GPS signal ?

How is the GPS receiver position determined?

Determining the full number of carrier phase cycles between the
GPS antenna and the SV is commonly called what?

Name the following: GPS coordinate system, GPS reference
ellipsoid and GPS geodetic datum.

When measuring with GPS, to what surface are the heights
referenced?

What are the error sources in GPS measurement?

How are GPS observation techniques categorized based on the
time at which a solution is made available?

What survey tasksis GPS used for?

What should you consider when choosing an appropriate
observation technique?
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Answers
1.
2.

N o g A~

10.

The three GPS segments are Space, Control, and User.

GPS satdllites transmit two L-band radio signals, the L1 and the
L2. Three binary codes are modulated on the L1 and/or L2
carrier phase:

C/A codeon L1
P(Y)codeonL2
The Navigation Message on both L1 and L2

Positions are resolved by trilateration after determining the
range to each visible satellite.Ranges are measured using the
code or the phase of the carrier wave.

The Integer Ambiguity search.
ECEF, WGS 84 dllipsoid and WGS 84 geodetic datum.
The heights are referenced to the WGS-84 datum.

SV geometry, human error, SA / AS, atmospheric effects and
multipath.

Real-time and postprocessed.

Control survey, topographic survey and stake out.
Is the real-time solution necessary?

Isthe raw data necessary, and when?

I's centimeter level accuracy required?

Real-Time Kinematic Surveying
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Real-Time Kinematic (RTK)
Systems

In this chapter:

Introduction

Session Objectives

Real-Time Kinematic Surveying (RTK) Overview
Initialization (Resolving the Integer Ambiguity)

RTK System Components

Assembling and Setting up a Real-Time Kinematic Survey System (Base)
General Guidelines

Setting Up a GPS Total Station 5800 Receiver (Rover)
Measuring GPS Antenna Heights

RTK System Equipment Checklists

Use and Care

General Guidelines

Review Questions

Answers
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Introduction

This chapter gives an overview of Real-Time Kinematic Surveying
(RTK), including survey concepts and requirements, equipment
checklists, connection diagrams, and use and care information.

Session Objectives

At the end of this session, you will know:

e Thefundamental concepts and requirements for performing a
RTK survey

e How to assemble an RTK system
»  Theimportance of proper use and care for the equipment

Real-Time Kinematic Surveying (RTK) Overview

RTK surveys are kinematic surveys with a communications link
between the base receiver and rover. RTK can include stop-and-go
data collection and continuous data collection.

In Real-Time Kinematic surveys, data processing occursin the field as
dataislogged, providing immediate centimeter-level resultsin the
form of coordinatesin the Trimble controller.

The GPS base station islocated on a known point. It takes
measurements from satellites in view and then broadcasts them along
with it's know position to the rover receivers.

The rover receiver also collects measurements from the satellitesin
view and processes them with the base station data. The rover then
computes its location relative to the base.

Typically, base and rover receivers take measurements at regular
1-second epochs (eventsin time) and produce position solutions at the
same rate. If you use aradio as the communication link, one base

Real-Time Kinematic Surveying
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station can support an unlimited number of rovers. If you use a
different communication method, for example, a cellular phone, you
may be limited in the number of rovers the base can support.

RTK & Infill surveys are effectively a combination of Real-Time
Kinematic and Postprocessed Kinematic surveys. While the
communication link between base and rover is available, the survey is
identical to RTK survey. Once the communication link becomes
temporarily unavailable, the survey becomes PPK. For the period of
communication interruption datais logged for later processing. When
the communication link becomes available, survey reverts back to
RTK. Depending on the mode, RTK or PPK procedures apply.

Examples of typical real-time surveying applications are: topographic
surveys, construction stakeout, cadastral surveys, monument recovery,
and photogrammetry control.

The benefits of rea-time surveying include very fast and efficient data
collection that provides resultsin real time and in local coordinate
systems.

A Real-Time Kinematic survey requires one GPS receiver as abase
station and at least one other GPS receiver as arover. The receivers
must:

e Observe and track carrier phase measurements

e Logdataat common times and epochs

»  Track four common SV's at each location

e Observe during good SV geometry (DOP)
The requirements for RTK surveying include:

» Initializing prior to data collection

* Maintaining lock to satellites while moving

e Maintaining lock to base station radio signal while moving

Real-Time Kinematic Surveying 35
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Initialization (Resolving the Integer Ambiguity)

This section explainsinitialization, or how to establish an exact
position by calculating the difference between carrier phase signals
received by the base and rover receivers.

The carrier phase observable of the received GPS satellite signal is
used to measure satellite range, and is responsible for achieving
centimeter level accuracy. These range measurements are used to
compute baselines between the base antenna phase centre (APC) and
the rover APC.

But what exactly isa carrier phase measurement? Why isit referred to
as ambiguous? And how is the ambiguity resolved viainitialization?

To answer these questions, see the following sections on phase
measurement, carrier phase differencing, ambiguity resolution, and
baseline solutions. For more information, see Initialization methods,

page 39

Phase measurement

The GPS carrier waveisa
" ght-Ci reul arIy D olarized Phase Measurement
wave. Phase measurements AL
occur as follows;
1. Thefirst measurement 12
observed is a partial
phase of the /
GPS carrier. 9 3
2. After this partial lx\r:én;':::“i::'r‘:“rt
phase, the receiver @ Trimble §

measures whole
wavelengths of the carrier wave.

3. Thereceiver continuously counts whole wavelengths. The
receiver does not know (ambiguous) the exact number of whole
wavelengths (integer) between the SV and GPS APC.
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Carrier phase differencing

How a GPS receiver
measures carrier phase Carrier Phase Differencing
difference:

«  Each receiver | &
measures the same
signal from a satellite.

e If thesignal to one

receiver isused as a
reference, a phase
difference between .

& Trim

two signals can be
computed.

»  Phasedifferencing appliesto all common satellites.

There is no way to determine the correct integersto match the carrier
phase measurement in a standal one receiver. Two receivers
simultaneously observing the same satellites are required to solve the
integer ambiguity.

Carrier Phase Differencing is the method used to resolve integer
ambiguity.

When asignal is transmitted from a satellite, it travelsto all operating
receivers. The signal to one of the receiversis used as areference
signal. When this reference is compared to the signal received at the
other receiver, there isa signal phase difference between the two
receivers. Phase differences are derived with all the other satellites
inview.
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Ambiguity resolution
The process to resolve the
integers can be divided into Ambiguity Resolution
the following steps:

1. Initial estimates of
theintegers— These
are computed using
unambiguous pseudo
ranges (based on the
C/A code). The
expected error of
these estimates
defines a search
volume around the unknown rover antenna position. Consider
this volume to contain a 3-D matrix of points, each one
associated with a combination of integers.

2. Search for the best combination — In its simplest form, the
integer search comprises a series of computations of the rover
position using every single integer combination. The correct
combination will identify itself based on some statistical test
defining the quality of the solution. Any such test is only
possibleif the solution is over-determined, which requires at
least five visible satellites. Increase confidence in the selected
combination by also examining close contenders—those
combinations with favorable test statistics.

Float and fixed solutions

Before the integer ambiguities are resolved, the position solution type
isknown as afloat solution. Thisimplies that the ambiguity values
have afractional part (values are non-integer).
Following the integer search the integer ambiguities are resolved, and
the RTK system is said to be initialized. The solution becomes afixed
solution (the integers are fixed). The position improves to centimeter
level.
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Initialization methods

There are three methods of initialization:

Known Point — Requires a previously observed WGS-84
position or a known ground coordinate position.

New Point — Allows you to calculate the initialization on a
short-term static observation.

On-the-Fly (OTF) — Allows you to compute the initialization

whilein motion.

Initialization methods are discussed in detail in Chapter 12, RTK
Surveys.

Compute baseline solution

Oncetheinteger ambiguity is
resolved, the baseline is
computed to establish the
rover’s APC position in
relation to the base APC.

The process of computing
the baseline solutions:

1

Compute the phase
differencing.

Solve and apply the
integer ambiguity to
phase differences.

Compute Baseline Solution

Determine a precise range to all common satellites to provide

your roving position.

Provide the fixed (known) base position and the base station

observations.

Calculate the baseline and check the inverse between the base

and rover positions.

Real-Time Kinematic Surveying 39



3

Real-Time Kinematic (RTK) Systems

40

RTK System Components

An RTK system consists of

these physical components: | Components of an RTK System
° GPS base Statl on Zephyr Geodetic ) '1,%,"" All components must be

The GPS base station and
each GPS rover must
contain:

GPS Antenna / present at the
i Base and Rover!

GPS rover(s)

Communication link

between the base and Trimmark 3
Radio Modem
the rover(s) and

Radio Antenna

' 5700 Receiver
.

W

Trimble Survey
12 Trimble Batteries Controller

GPSreceiver
GPS antenna
Communication link (Radio and radio antenna or cellphone)

Trimble Survey Controller
(Real-time surveys must have a controller at the rover receiver)

Power supply (AC power supply or portable batteries)
Appropriate cabling

RTK base station

A base station is set on a known point and broadcasts its reference
position and observations to help compute real-time baselines.
Typically, the RTK base station consists of:

Trimble GPS receiver and GPS antenna

Transmitting component of the communication link
(Trimble radio or suitable aternative)

Stable observation position
(tripod and tribrach or pillar)

Power supply (AC power supply or portable batteries)

Cables to connect the base station components

Real-Time Kinematic Surveying



Real-Time Kinematic (RTK) Systems 3

Connect a controller running Trimble Survey Controller to start the
base station, or use ancillary Trimble programs, such as TRS™
(Trimble Reference Station), GPS Configurator, or Remote Controller.

RTK roving stations

Roving stations are used to locate positions relative to the base station.
One base broadcast signal can be used by an unlimited number of
roving stations.

A roving station consists of

*  Trimble GPS receiver and GPS antenna
(5800, 5700, 4800, 4700, 4600L S)

e Recelving component of the communication link
(Trimbleinternal / external radio or suitable alternative)

*  Trimble controller running Trimble Survey Controller software
*  Range pole and backpack (one of several models)
»  Power supply (portable batteries)

e  Cablesto connect the rover components

Assembling and Setting up an RTK Survey System
(Base)

This section describes how to assemble the base station and rover
receiver for an RTK survey.

Using a 5700 receiver
To set up a 5700 base station for an RTK survey:

1. Setthe Zephyr Geodetic GPS antenna over the ground mark
using atripod, atribrach, and atribrach adaptor.

2. Usethetripod clip to hang the 5700 receiver on the tripod.
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3. Usetheyellow GPS antenna cable to connect the Zephyr
Geodetic GPS antenna to the GPS receiver yellow TNC port
labeled GPS.

4. |If external power isrequired, connect a battery with a 0-shell
LEMO connection to Port 2 on the receiver.

5. Set up the radio using another tripod and place it few meters
away from GPS antenna

6. Connect the radio to the GPS receiver Port 3

7. Connect the Trimble Survey Controller to the GPS receiver
Port 1. Use the O-shell LEMO to 0-shell LEMO cable.

8. Turn on the controller and go to page 240. (see Figure 3.1.)

External radio

. 7
I Trimble controller

Figure 3.1 5700 RTK base station setup

To set up a5700 rover for RTK survey:
1. Attach the Zephyr GPS antennato the range pole.
2. Assemble 5700 GPS receiver on a pole or in a backpack.

3. Connect the Zephyr GPS antennato the GPS receiver yellow
TNC port labeled GPS.
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4. Connect the RPA antenna (rubber whip or whip antenna) to the
GPSreceiver blue TNC port labeled RADIO.

5. Connect the Trimble Survey Controller to the GPS receiver
Port 1.Use the O-shell LEMO to O-shell LEMO cable.

6. Turnonthe controller and go to Starting the RTK Rover Survey,
page 248. (see Figure 3.2.)

RPA

Figure 3.2 5700 RTK rover setup
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General Guidelines

The following section gives guidelines for setting up an RTK system.

Setting up the base station

L ocate the base station where thereis a clear and unobstructed view of
the sky, for example, on top of ahill or building. You should be able to
seethe sky all around at an elevation angle of 13° above the horizon.

The WGS-84 coordinates for the base station should be known. Every
10 m error in these coordinates can cause an error of 1 ppm inthe
length of the RTK baseline. Define the coordinates in one of the
following ways (the most accurate methods are listed first):

e Transfer or key in published WGS-84 coordinates.

»  Transfer or key in WGS-84 coordinates derived from aprevious
control survey.

e Transfer or key in known grid coordinates, if a projection and
datum transformation are known.

e Transfer or key inlocal geodetic coordinates, if adatum
transformation is known.

« Usethe softkey to obtain a WAAS position generated by
the receiver (North America only)

e Usethe softkey to obtain the current approximate
(autonomous) position calculated by the receiver. This position
can bein error by up to 20 m, so you should perform a
calibration to reduce the effect of this process.

Note — Only use an autonomous position once for each job—to start
the first base receiver. (An autonomous position is equivalent to an
assumed coordinate in conventional surveying.) This ensuresthat all
surveysin the same job are in terms of each other. For base set-ups
after day one, select your base position from the points stored in
Trimble Survey Controller.
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Setting up a GPS Total Station 5800 receiver (rover)

To set up arover receiver for areal-time survey using a GPS Total
Station 5800 receiver:

1.

o > LN

o

Mount the 5800 receiver on arange pole. The 5800 suppliesits
own power from an internal battery.

Attach the whip radio antenna to the 5800 receiver.
Attach the Trimble lithium-ion batteries to the ACU holder.
Attach the ACU holder to the range pole.

Attach the ACU to the holder. For more information, see
page 61.

Turn on the 5800.
Turn on the ACU and start Trimble Survey Controller.

Connect to the 5800 receiver using Bluetooth™ wireless
communications:

a.  From the main menu, select Configuration/ Controller /
Bluetooth.

b. Tap Config. and enable Bluetooth. Tap .
c. Select Scan to locate the 5800 receiver.

d. When the scan is complete, select the 5800 receiver from
the list and tap [Accent)]
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Optimizing field equipment setup

To become productive quickly when starting a survey, consider
the following:

Base station environment — Prior to setup you must be avare
of the surveying environment. Whenever possible, set your base
station to view the greatest amount of open sky so that it can
maximize the satellite signal reception. Be aware of likely
multipath sources such as buildings, wire fences, high voltage
power sources, and trees.

Ambient orientation — Both the base and the roving receivers
require some time (approximately 2 minutes) to locate and lock
onto satellite signals. This ambient time can be minimized by
connecting the GPS antenna and power to the GPS receiver and
allowing the antennato view the open sky. You may ssmply rest
your antenna equipment to one side while setting up the other
necessary equipment for your base station or roving stations.

Base radio environment — Use aradio scanner to confirm that
your broadcast frequency is clear (not being used) before
starting your base.

Roving station environment —Move away from problem
environments to avoid loss of lock (satellite tracking) or
initialization for your roving receiver.

To detect the effects of a signal-limiting source:

—  Check the number of currently tracked satellites at the
rover and base using the controller Instrument / Satellites
menu

—  Monitor the root mean square (RMS) value of your present
position. If the values exceed 70, attempt to move away
from the problem environment. For more precise RTK
work, watch out for values exceeding 35.
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—Q/— Tip — Although your base station will not be moving, you can detect
= the RMS values at your base when a job has been started with your
controller. An RMS value of 30 or less indicates a low multipath
environment.

Measuring GPS Antenna Heights

Once the equipment is assembled, you must measure the height of the
antenna before you can start your survey.

The antenna receives GPS signals at the antenna phase center (APC),
which isinside the plastic housing, so you cannot measure directly to
it.

Instead, measure the height from the survey mark on the ground to a

specified part of the antenna housing.

Enter the antenna height and then, in the Measured to field, specify the
part on the housing where the measurement was taken.

Trimble Survey Controller corrects the antenna height value according
to the antenna type selected and the setting in the Measured to field. It
calculates the APC height based on the antennatype, the uncorrected
height, and the value in the Measured to field. This APC height is used
to calculate the ground height for points.

Measuring the height of an antenna on a tripod
The way to measure this depends on the equipment used.
e Zephyr antenna

If this antennais mounted on atripod, measure the height to the
top of the notch on the side of the antenna. Enter avalue in the
Antenna height field, and, in the Measured to field, select Top
of notch.

*  Zephyr Geodetic antenna
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If this antennais mounted on atripod, measure the height to the
bottom of the notch on the side of the antenna. Enter avalue in
the Antenna height field, and, in the Measured to field, select
Bottom of notch.

—\Q/— Tip — If you are using a fixed height tripod, you can measure the height to
= the bottom of the antenna housing and select Bottom of antenna mount in
the Measured to field.

Measuring the height of an antenna on a range pole

Figure 3.3 shows how to measure the height of an antenna mounted on
arange pole when the Measured to field is set to Bottom of antenna or
Bottom of antenna mount. With afixed height range pole, the height is

aconstant value.
. ——— & Trimble 5800
_—
0.064m Total Station

Uncorrected

height of

180m Corrected height
| to APC
L IF L)

Figure 3.3 Measuring the height of a 5800 receiver on a range pole
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RTK System Equipment Checklists
This section provides a checklist for the GPS Total Station (RTK).

{Q} Tip — You can photocopy this list and use it to check that all necessary
= components are taken to the field.

Note — Some items are optional and the final configuration may vary
depending on the user requirements.
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5700 GPS Total Station (RTK)

Base Station for RTK survey

GPS Receiver #1  S/N Firmware version

Controller #1 S/N Software version

Controller to receiver cable

Zephyr Geodetic antenna and GPS antenna cable

CompactFlash Card

Li-ion batteries (2)

H.I. rod

Receiver Base transport case

Tripod, tribrach with adapter and receiver tripod clip

COMMUNICATION LINK, see page 51

RTK Rover (with internal radio)

GPS Receiver #2 SIN Firmware version

Internal Radio Frequency

Controller #2 S/N Software version

Controller to receiver cable

Zephyr antenna and GPS antenna cable

Rubber whip or eRTK range pole mount antenna and eRTK antenna cable

CompactFlash Card and Li-ion batteries (2)

Fixed height (or adjustable height) range pole with bipod, controller mount bracket
or holder, and receiver pole mount bracket

Backpack

Other Accessories

6Ah External battery and external battery to GPS receiver cable

Magnetic mount and Quick Release Adaptor(s)

PCMCIA card

Office Support

Trimble Geomatics Office software, base module

Trimble Geomatics Office, Trimble controller, receiver manuals and software CD

USB cable and Download cable

Power supply for internal charger
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Communication link

RTK Base Station Radio Set Up
RTK Rover without internal radio Set up

Radio #1 Model

S/N Firmware version

Radio frequency

Standard antenna (0dB, 5dB)

Radio Power cable and I/O cable

Adapter cable (if required)

Tripod, Radio tripod mount with antenna cable

Antenna mount with 5 foot cable (Rover only)

Other Accessories

6Ah External battery and external battery to radio cable

Camcorder Batteries and camcorder battery cables

Grounding Cable

Office Support

TrimTalk Set Up software utility (For TT450S)

WinFlash software utility (For TM3)

CommSet software utility (For 4700 / 4800 internal radio)

GPS Configurator (For 5700 internal radio)

Configuration cable

OSM Il / OSM |V Battery charger / Computer Interface

TT450S, TM3 Manuals
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Use and Care

Trimble Surveying Equipment tol erates the sort of rough treatment
that equipment may suffer in the field. Nevertheless, they are
high-precision, electronic instruments, so treat them with reasonable
care. Table 3.1 lists recommended operating parameters and
conditions. For more information, go to www.trimble.com

Table 3.1 Recommended operating parameters for Trimble equipment

Device Temperature range  Shock resistance Other
5800/R8 —40 °C to +65 °C 2 m pole-mounted Casing is dust-proof, shock-
receiver (—40 °F to +149 °F) drop. and vibration-resistant
Shock tested Waterproof to 1XP7 to a
(operating) to 40 G,  depth of 1 m
10 mSec
Sawtooth
Vibration tested to
MIL-STD-810-F,
FIG.524.5C-1
5700/R7 —40 °C to +65 °C 1 mdrop Waterproof to IPX7 to depth
receiver (—40 °F to +149 °F) Shock and vibration ~ 0f 1 m.

tested to 40 G
random.

Passes testing per
MIL-STD-810-F,
FIG.524.5C-1

Fully sealed, magnesium
alloy casing

ACU controller —20°C to +55°C
(—4°F to +131°F)

MIL-STD-810E drop.
(Impact or pressure
on the display screen
can cause it to crack.)

Resistant to driving rain and
dust.
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Table 3.1 Recommended operating parameters for Trimble equipment

Device Temperature range  Shock resistance Other

TSCe controller -25 °C to +60 °C MIL-STD-810E drop. Immersible in up to one
(<13 °F to +140 °F) (Impact or pressure  meter of water, for up to one

on the display screen hour. Ensure that the battery

can cause itto crack.) compartment screws are
secured tightly when
replacing the battery.

Note: Removal of the
backcase screws voids the

warranty.
TRIMTALK450S —-20 °C to +55 °C 100% fully sealed,
radio modem (-4°F to +131°F) weatherproof enclosure
TRIMMARK 3 —40 °C to +65 °C 100% fully sealed,
radio modem (—40 °F to 149 °F) weatherproof enclosure

A Warning — Operating or storing your equipment outside the specified
temperature range can destroy the instrument or limit its life.

General Guidelines
To care for your survey equipment, follow these guidelines:

High-power signals from a nearby radio or radar transmitter can
overwhelm the receiver’s circuits. This does not harm the
receiver, but can prevent it from functioning. To avoid
problems, try not to use the GPS receiver within 400 meters of
powerful radar, television, or ather transmitters. L ow-power
transmitters, such as the ones in portable phones and
walkie-talkies, and transmission lines do not normally interfere
with receiver operations.

When plugging in a LEMO cable, make sure that the red dots
on the receiver port and the cable connector line up. Never use
force to plug cablesin, as this may damage the pins of the
connectors.
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*  When disconnecting a LEMO cable, pull the cable connector
straight out of the port, using the loop provided. Do not turn it.

»  Tosecurely connect a TNC cable, push the connector into the
port and turn it. TNC cables and the corresponding TNC ports
on the 5700 receiver are color-coded to help you connect each
cable to the correct port.

e Insert the 5700 internal batteries with the terminals facing the
CompactFlash/USB door. Only new-generation Lithium ion
batteries with a center groove can be used.
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Review Questions

1.

What key piece of communication equipment makes Real-Time
Kinematic (RTK) GPS surveying possible?

What are the requirementsin terms of equipment and conditions
for conducting a Real-Time Kinematic (RTK) surveys?

In order to start RTK with acm level accuracy, what needsto be
resolved?

What is the process of resolving integer ambiguities called?

Explain the difference between FLOAT and FIX solutions.

Name three initialization methods.

What are the three basic components of the RTK system

List al necessary equipment (including the accessories) for
RTK surveying.
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Answers

1
2.

Radios are the key to real-time surveying.
Answers:

—  Two GPSreceivers

—  Communications link between base and rover
—  Tracking carrier phase measurements

— Logging data at common times and epochs

—  Tracking four common satellites at each station and at |east
fivetota

—  Observing during good satellite geometry (DOP)

— Initializing prior to data collection

— Maintaining lock to satellites while moving

— Maintaining lock to base station radio signal while moving
Integer Ambiguity.

Initialization.

Answers:

—  FLOAT —integer ambiguity not resolved

—  FIX —integer ambiguity resolved, RTK system initialized
Known point, new point, OTF

GPS base station, GPS Rover and radio link

Check your list against the one given on page 49
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RTK System Components

Introduction

This section contains six chapters. The chapters describe the operation
of the following Trimble Real-Time Surveying system components:

Trimble controllers

Trimble Survey Controller software

Trimble GPS receivers (5800, 5700)

Radio datalinks (TRIMTALK 450S, TRIMMARK 3)
Trimble Geomatics Office software

The Trimble Data Transfer utility

Session Objectives
At the end of this session, you will know:

RTK system components features and functionalities

Trimble Survey Controller and Trimble Geomatics Office user
interfaces

How to perform basic operations

Note — The review questions on page 181 cover all the chaptersin this
section.
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CHAPTER

Trimble Controllers

In this chapter:

m The ACU (Attachable Control Unit)

m The TSCe controller
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Introduction

Real-time surveys are controlled by a Trimble controller (ACU or
TSCe) running the Trimble Survey Controller software.

This chapter describes the ACU (Attachable Control Unit) and TSCe
controllers. Where any information relates to only one of‘the
controllers, it isindicated with anicon, 25 (ACU) or * (TSCe)

With a Trimble controller connected to a GPS receiver, y can log
and enter data, transfer data to and from the office computer, and view
data and information.

A good way to learn how to use the controller and the software isto
take the controller into the field. Become familiar with the keypad,
press various keys, ook through the menus, and use the online Help.

Before going into the field, make sure you have everything you need.

The ACU (Attachable Control Unit)

This section describes the ACU and how to useit. Figure 4.1 shows
the front of the ACU and its keys.

& Trimble

® v =
@ e e
in Configuration|$ &  ABC  DEF

‘fﬂﬁ( @'

Survey Instrument

- HA:359°59'60" VA:90°23'22"
Exit PLIEH

Figure 4.1 The ACU controller — front view
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Attaching the ACU

AN

Warning — Switch off the ACU when attaching it to the holder or when
changing the batteries in the holder with the ACU attached. Otherwise, the
on/off status of the ACU and the holder may become unsyncronized.

To attach the ACU:
1. Hold the controller with both hands.
2. Fitthe groove on the back of the controller over the lower lip on
the front of the holder.
3. Pressdown and rest the back of the controller flat against the
holder.
4. Gently release downward pressure and guide the controller so

that the teeth on the front of the holder click into the notcheson
top of the controller.

Figure 4.2 shows how to attach the ACU to the holder.

Figure 4.2  Attaching the ACU
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ACU function keys

Table 4.1 describes Trimble Survey Controller functions that are
associated with the ACU icons.

Table 4.1 ACU function keys

On this instrument or tap ... to ...

receiver ...

Conventional o

or access the main Trimble Survey
Controller menu

GPS

Conventional

(with Autolock™) access the Trimble function screen

switch Autolock on and start a search

switch Autolock on or off

take a measurement

aoeo e
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to ...

Table 4.1 ACU function keys (continued)
On this instrument or tap ...

receiver ...

Conventional

(with servos)

turn the instrument horizontally to the
current point name or stakeout
location

turn the instrument vertically to the
current point name or stakeout
location

turn the instrument horizontally and
vertically to the current point name or
stakeout location

change face

take a measurement

Conventional (3600)

activate the first softkey (F1)

activate the second softkey (F2)

activate the third softkey (F3)

activate the fourth softkey (F4)

A00CQ0O0ALODOOCO

take a measurement
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Table 4.1 ACU function keys (continued)

On this instrument or tap ... to ...
receiver ...

GPS
access the Position dialog

access the Satellites dialog

activate the first softkey (F1)

activate the second softkey (F2)

activate the third softkey (F3)

activate the fourth softkey (F4)

activate the Enter button

2000000

Preparing the ACU for a survey
To do this:
1. Set uptheinstrument.

2. Ensurethat the ACU isturned off, and then attach it to the
instrument. For more information, see page 61.

3. Press( ® ) onthe ACU to switch on the instrument.
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Start Trimble Survey Controller. The software automatically
connects to the instrument and the Electronic level dialog

appears.

Note — If you have a Trimble 3600 instrument with a laser
plummet, the laser plummet automatically turns on when this
dialog appears.

Position and level theinstrument and tap [t |f you are using
a Trimble 5600 instrument, the compensator is automatically
initialized now.

When prompted by the Corrections dialog, enter appropriate
atmospheric values and tap [Aceest |,

The Survey Controller Basic dialog appears. It displays the
current instrument readings.

Note — You cannot store measurements in this mode.

Tap (Esc) to exit Survey Controller Basic mode. The main
Trimble Survey Controller menu appears, and you can then
begin a survey.

If you are running arobotic survey, see the following section.
Otherwise go directly to Exercise 1 Create a new job, page 88.

Using the ACU to prepare for a robotic survey

To survey using a 5600 robotic instrument:

1.

From the main menu, select Instrument / Radio. Set the radio
channel, station address and remote address and tap [Acceet

From the main menu, select Survey / Sart Robotic to prepare
the 5600 for robotic connection.

Tap to suspend the 5600 and the ACU ready for robotic
operation.

Remove the ACU from the 5600.
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Note — If the radio settings on the 5600 instrument are already
set to match the ACU, and the instrument is level, press the
trigger button on the back of the 5600 to turn on the instrument
for a robotic connection.
5. Ensurethat the ACU isturned off, and then attach it to the ACU
holder. For more information, see page 61.
6. Connect the ACU to Port A on the remote radio using the ACU
holder or a0.4m, 4 pin Hirose cable.
7. Turnon the active target or connect it to Port B on the remote
radio.
Once the ACU is attached to the holder, Trimble Survey
Controller connects to the remote radio and then to the 5600.
The 5600 is re-initialized to compensate for the earlier removal
of the controller.
You can now create ajob and start the survey.
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The TSCe Controller

This section describes the TSCe and how to useit. Figure 4.3 shows
the front of the TSCE and its keys.

2 Trimble.

Enter

Keys

On/Off |

——Keys

Ctrl

FA] [ = 2] [ &9
= = (2] = = =
ElmlmElE]s
@ @ = E = E]
EE@OmEE

Esc

ME @ 5 D

Microphone

Spacebar

Figure 4.3 Front view of the TSCe controller
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Operating the TSCe

To turn on the TSCe, make sure the battery isinserted. Press the green
(@] key. Hold down the same key for one second to turn it off.

Keys

Hard keys are the physical keys on the TSCe keypad, for example,
G (2. (3, (Al (8] (0], (&= Eso). (#1, (3], (&), and (2],

Use these keys to enter data and to access screens.

Rebooting

If the controller fails to respond to keystrokes, then perform one of the
following resets, which shut down the hardware and restart the
Trimble Survey Controller software.

Soft reset (warm boot)
This method retains all data.
To perform a soft reset:

] Hold down and [}, while you press and release € .

Hold down and [ct1), while you press and release (@),

The controller resets to the default Microsoft Windows desktop view.

Hard reset (cold boot)

This method retains any data on the built-in storage card (the \Disk
folder). However, ahard reset clears the contents of the RAM memory,
including any desktop shortcuts that you have created.
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To perform a hard reset:
1. Holddown @ or( O]

After approximately 5 seconds, a countdown timer appears,
indicating that the controller will reset.

2. Continueto hold @ or(® ] for afurther 5 seconds, then release.

The controller briefly displaysthe boot screen and then resetsto
the default Microsoft Windows desktop view.
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Introduction

This chapter describes the Trimble Survey Controller software and
how to use it with a Trimble Controller. It gives an overview of the
menu structure, and shows some sample controller screens. The
chapter also introduces survey styles and describes how to usethem in
an RTK survey.

The Trimble Survey Controller software simplifies surveying by
configuring and controlling receivers for GPS surveys, and by
communicating with conventional instruments for conventional
surveys. Trimble Survey Controller makes surveying afaster and more
efficient process because it:

e storespoints

» simplifies stakeout tasks

»  performs numerous calculations, including calibration and
coordinate geometry (Cogo) functions

e permitstwo-way datatransfer operations
For GPS surveys, it also:

e configures the necessary receiver parameters
e monitorsthe receiver and radio status

Menus

Trimble Survey Controller functions are listed in menus. When the
controller is switched on, the Trimble logo screen appears, followed
by the main menu.

Note — To return to the main menu at any time, tap [Wem ],
To select amain menu option, tap itsicon on the screen.

In the list of menu options, tap the required menu item or highlight it
using the Up or Down arrow key. If necessary, navigate to the item
using the Up or Down arrow keys, or the scroll bar.

Tap or to accept the option, depending on the dialog that
you have accessed.
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Favorites menu

The Favorites menu provides quick access to commonly used screens
(dialogs). You can access a screen from the Favorites list or use
to move between active screens.

To access a screen from the Favoriteslist, tap and select the
screen that you want to access.

To add a screen to the Favorites list, view the screen you want to add
and tap Favorites/ Add to favorites. To remove a screen, view the
screen and tap Favorites/ Remove from favorites.

Enter button

The button performs the same action as pressing on
the controller keypad. The action of the button relates to
particular screens, and in some screens, the caption on the button
changes to describe the action for that screen. For example,
changesto when you are in the Measure points screen.

Softkeys

Softkeys (software keys) are displayed on the bottom line of the
Trimble Survey Controller screen. Softkeysrelate to particular screens
and only appear when these screens are accessed. For example, the
softkey appears when you access the Antenna height field.

Tap a softkey to access the required function. For example, in the Map
of current job screen, to zoom in on an area, tap & .

Note — The ® softkey appearsif there are more than four softkeys
associated with a screen. Tap it to see the others. Alternatively, press
the (Shift) key to access the other softkeys.
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Shortcut keys

Shortcut keys (also known as access keys or hotkeys) provide a quick
way of using the keypad to access menus and commonly used options.
They appear as an underlined letter in the menu or option description.
Hold down the key and press the appropriate letter key to use
them.

Table 1.2 shows the shortcut keys that are commonly used in the
Trimble Survey Controller software.

Table 5.1 Trimble Survey Controller shortcut keys

Use plus this key...  to access the...

Files menu

M

Key in menu

Survey menu

Cogo menu

Configuration menu

Instrument menu

Map of current job

Main menu

Favorites menu

Switch to list

SHESHEIEISIEREHENEHS

Online Help
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Trimble Survey Controller Sample Screen Displays
Press the power key to switch on the controller. The Trimble logo

screen appears, followed by the main menu.

Trimble Survey Controller is menu driven, which means that you
select an item from alist to perform afunction. The main menu

consists of six icons. All other menus appear aslists.

shown in Figure 5.1 appears.

Most of the details in the status line appear only when the controller is
connected to either a GPS receiver or a conventional instrument.

If the controller is connected to a GPS receiver, a screen similar to that

Icon

Status line

Screen title (name of current job)

=X Job: Halswell 09 03

Su nre

Key in Configuration

v

Coygo Instrument

123 9 = x|
—

Power level
indicator

(o 10107

£LF B
i
£ 5
? 2.000

Map

LG

Favorites

Switch to

Softkey area

Ezc

Ho survey POOP:2.F

Enter

— Number of
SVs tracked

Figure 5.1  Trimble controller connected to a GPS receiver
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If the controller is connected to a conventional instrument, a screen
similar to that shown in Figure 5.2 appears.

Screen title (hame of current job)
8 Job: Halswell 09 03 123 2 < M| power level
—% 1 indicator
iy == 100%||  Conventional
v‘ % }R{ instrument icon
Files Key in Configuration Target icon
¥ 2om with height
L Map
Icon
F tenu
T ] Favorites
Instrument circle Survey Cogo  Instrument | o,
readlngs Ho survey PDOP:2.7
Ezc Enter

Figure 5.2 Controller connected to a conventional instrument
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Trimble Survey Controller Menu Structure
Table 5.2 shows the Trimble Survey Controller main menu structure.

Table 5.2 Main menu structure
Name / Icon Menu / Sub-menu
Files New job

Open job

-

Review current job

Map of current job
Properties of current job
Copy between jobs
Import/Export

Trimble PC communications
Send ASCII data
Receive ASCII data

Windows Explorer

Key in

Points
Lines
Arcs
Boundary
Roads
Templates
Notes
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Table 5.2 Main menu structure (Continued)

Name / Icon Menu / Sub-menu

Survey Start base receiver
Station setup
Start survey
‘m Measure points
Measure rounds

Items depend Continuous topo

on the type of Station and offset
survey you are M
easure

doing Stakeout
Stakeout

Points
Lines
Arcs
DTMs
Roads

Site calibration
Swap base Receiver
Start Robotic

End survey
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Table 5.2

Main menu structure (Continued)

Name / Icon

Menu / Sub-menu

Configuration

Items depend
on the survey
style you select

Controller

Time/date
Language
Sound events
Bluetooth

Feature and attribute libraries
Survey Styles

Rover options

Topo points

Rover radio

Base options

Base radio

Laser rangefinder
FastStatic point
Observed control point
Rapid point
Continuous points
Stakeout

Instrument

Rounds

Site calibration

PP initialization times
Duplicate point tolerances
Traverse options
Options

Directory
Options
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Table 5.2 Main menu structure (Continued)

Name / Icon Menu / Sub-menu

Cogo Compute inverse
Compute point
Compute area

[
m Compute azimuth
- Compute distance
Compute average
Subdivide a line
Subdivide an arc
Traverse

Calculator

Instrument Satellites
Receiver files

Import from receiver
Export to receiver
Position

Receiver status

Options
Items depend P ) ]
on the type of Navigate to point
instrument the Electronic level
Trimble Direct Reflex

controller is

Instrument controls
connected to.

Tracklight

Autolock

Radio Settings
Instrument Settings
Adjust Instrument
Survey Controller Basic
Trimble functions

Keep this table handy as areference until you are familiar with the
menu structure.
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Entering Data

You must enter data before Trimble Survey Controller can perform
most of its functions. A typical screen has several fieldsinto which
you can enter data. For some fields, you select an option from allist.
For other fields, you key in alphanumeric details.

Choosing an option

Fields which offer alist of options have a drop-down arrow on the
right.

Tap the required option or highlight it using the Up or Down arrow
key. If necessary, navigate to the item using the Up or Down arrow
keys, or the scroll bar.

Tap or to accept the option, depending on the dialog that
you have accessed.

Keying in data

Tap the required field or highlight it using the Up or Down arrow key.
Enter the details, then tap or [ A=zt according to the dialog that
you have accessed.

Editing Data

Tap the required field or highlight it using the Up or Down arrow key.
Enter the new details, then tap or [ A=t according to the dialog
that you have accessed.
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Reviewing Data

You can review the datain the Trimble Survey Controller database at
any time.

To review data, select Files from the main menu. Then select Review
current job.

Records are stored in chronological order. The last (most recent) page
of the database appears first when you access the database.

Press the [Paget ] and softkeys to move up and down in the
database one page at atime. Press the Up or Down arrow keysto move
up or down onerecord at atime.

Usethe softkey to find records el sewhere in the database. For

example, to search for points surveyed severa hours ago. To do this,
tap [seareh ], Then select the type of search (current record type, name,
code, or class).

For more information about arecord, highlight it, then doubletap it or
tap [etis ] To return to the database list, tap [Ese 1.

If required, you can edit some fields, for example, Code and Antenna
height.

Note — If point coordinates appear as‘?’, see the Note on page 83.

Coordinate view setting

The setting in the Coordinate view field (for example, WGS-84, or
Local) determines which values appear in the point record. You can
change the coordinate view setting for an entire job, or just when
viewing a point.

To change the Coordinate view setting for a point that you want to
view:

1. TapFiles/ Review current job.
2. Highlight the point record, then tap [Betais],
3. Tap [Ogtans ],
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4. Select another option from the drop-down list in the Coordinate
view field.

Note — If no datum transformation and no projection are defined and
the Coordinate view field is set to Local or Grid, the coordinate values
for GPS points will be ‘?". Change the Coordinate view setting to
WGS-84.

Online Help

Online help for the Trimble Survey Controller softwareisdisplayed in
Hyper-text Markup Language (HTML) pages. Tap any underlined text
(link) to move to the page it describes.

To access the help, do one of the following:

e Tap in the top left corner of the controller screen. Then tap
Help.

« Tap@inthetop right corner of the controller screen.

«  Press/at}+{H) on the keypad.

Anindex of all thetopics appears, with the default topic for the current
screen highlighted. Do one of the following:

— Toview thistopic, tap the topic.

—  Tosearch for adifferent topic, enter a new keyword or
scroll through the list.

—\Q/— Tip — To move quickly to a Help topic, type the first few letters of the topic.
= Then use the arrow keys if necessary.
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Survey Styles

There are two kinds of survey style: GPS and Conventional. They
appear together in the Select Survey Sylelist.

When using Trimble Survey Controller for a GPS survey, choose from
one of nine survey types. These types are based on the kinematic,
differential, and FastStatic techniques. To select the survey type you
need, select an appropriate Survey Style.

The concept of survey styles

Survey Styles make Trimble Survey Controller easier to use. Usethem
to change the configuration of Trimble Survey Controller quickly and
easily for different types of survey.

In a GPS survey, the Survey Style instructs the base and rover
receiversto perform the functions required for a specific survey type.
It also defines the parameters for measuring and storing points. This
whole set of information is stored as atemplate that can be called up
and reused when necessary.

A GPS Survey Style defines the survey type, antenna information,
elevation mask, PDOP mask, and point occupation times. If
applicable, it also defines the following:

e Logging intervals

e Initialization times

» Sitecalibration defaults

*  GPSfile storage location

*  Real-time broadcast message format

e Radio communication parameters
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Choosing a survey style

Trimble provides four GPS Survey Stylesthat cover four of the nine
possible survey types. To use any survey type not covered by the
Trimble Survey Styles, you must create your own Survey Style. Thisis
described in Create an RTK & datalogging survey style, page 90.

Trimble GPS Survey Styles

The four standard Trimble GPS survey styles supplied with the
Trimble Survey Controller system are:

 RTK

RTK & Infill
«  PPK

* FastStatic

These styles cover the four most popular centimeter-level survey
types. To use the default settings for a survey type, select the
appropriate style and use it asit is.

Note — Thistraining manual addresses Trimble RTK and Trimble RTK
& Infill Survey Styles only.

Trimble RTK survey style

The Trimble RTK survey style prepares Trimble Survey Controller for
an RTK survey. Use this style for centimeter-level stakeout as well as
topographic and control surveying.

Note — Survey styles (such as Trimble RTK) that employ the real-time
kinematic survey type rely on a trouble-free radio solution.

By default, the base receiver isinstructed to generate RTK corrections
at one-second intervals.
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Trimble RTK & Infill survey style

The Trimble RTK & infill survey style prepares Trimble Survey
Controller for an RTK survey, with postprocessed support when base
radio corrections are not available.

Use this style for real-time topographic or control surveysif thereisa
risk of radio link interruption. Useit if obstructions or interference are
aproblem, or if the operational range of the radio could be exceeded.

By default, the base receiver isinstructed to generate real-time
kinematic message at one-second intervals and to simultaneously log
raw data at five-second intervals for the duration of the base survey.

Default settings

The default elevation mask for the base receiver and the rover receiver
is 13°. The default PDOP mask setting is 6. Other default settings
define how point measurements are made.

Note — When editing an option, you cannot access every field in the
screen that appears. For example, the setting in the Survey typefieldis
fixed for each Trimble survey style.

Options in a Trimble GPS survey style

A group of optionsis associated with each survey type. The selected
GPS survey style determines which survey typeis used, and which
options are available. Once you can use survey styles, you can edit
many of the options to further customize individual surveys. For
example, you can edit the default setting for the minimum occupation
time of atopo point.

Real-Time Kinematic Surveying



The Trimble Survey Controller Software

5

Table 5.3 shows the options associated with Trimble RTK GPS survey

styles.

Table 5.3 Options in Trimble RTK GPS survey styles

Trimble GPS survey styles

Option Trimble RTK Trimble RTK & infill
Rover options 4 v
Rover radio v
Base options v 4
Base radio v v
Laser rangefinder v v
FastStatic point

Topo point v v
Observed control point v v
Rapid point 4 v
Continuous points v 4
Stakeout v v
Site calibration v v
PP initialization times v
Duplicate point actions v v
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Exercise 1. Create a new job
To create ajob:
1. Turnon the controller.
2. Fromthe main menu, select Files/ New job. The New job dialog

appears.

Enter the job namel212. Tap |Enter

Tap the Coord Sys button in the Properties group.

The Select coordinate system screen appears. Select one of the

following options:

—  Scalefactor only.
Select this option for a conventional total station survey.

—  Select from library.
Then tap Next. Select the required system and zone. Enter
the project height. Then tap [Ae=t], Tap when
completed.

— Key in parameters
Then tap [Aeest] Enter the required details for the site. Tap
when completed.

— No projection/no datum.
Set the Coordinates field to Ground. Enter the project
height. Alternatively, set the Coordinate field to Grid.
Select the Use geoid model check box. Select a geoid
model to calculate a Geoid/Inclined plane vertical
adjustment after asite calibration. Tap when
completed.
For a survey where GPS measurements are to be combined
with conventional observations later, choose a coordinate
system now. For more information, refer to the Trimble
Survey Controller User Guide.

88 Real-Time Kinematic Surveying



The Trimble Survey Controller Software 5

Note — If you are not sure of the coordinate system, select
No projection/no datum. Set the Coordinates field to
Ground and enter the average site elevation in the Project
height field. When you redefine these parameters later in
the job, all pointswill be updated. (To change the
coordinate system, select Files/ Properties of current job.
Tap the Coord Sys button and make any necessary
changes.)

If no datum transformation and no projection are defined,
any points measured using GPS are displayed as WGS-84
coordinates. Any points measured using a conventional
instrument are displayed with null (?) coordinates.

If you require coordinates to be at ground level instead of
projection level, use a ground coordinate system. For more
information, refer to the Trimble Survey Controller Help.

After selecting or keying in a coordinate system, tap [Store ],
Edit the other properties of the new job as required.

Note — To return to this dialog later, select Files/ Properties of
current job from the main menu.

Tap when compl eted.
Thejob iscreated.
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Exercise 2: Create an RTK & logging survey style

Trimble Survey Controller provides Trimble Survey Styles that
configure the hardware for four of the nine possible GPS survey
types—RTK, RTK & infill, FastStatic, and PPK.
The other available survey types are:

* RTK & logging

e RT diff & infill

* RT diff & logging
The RTK & logging survey typeissimilar to RTK except that raw
GPS dataisrecorded for the entire survey. This method is useful if raw
dataisrequired for quality assurance purposes.
To survey using any of these types, first create a new survey style.
To do this:

1. From the main menu, select Configuration / Survey Style.

2. Tap[ew ],

3. Enter anamein the Syle name field and tap [_Enter ],

4. Inthe Styletype field select GPS.

5. Tap [HAeet],
Note —When you create a new GPS Survey Syle, it is configured asan
RTK survey that you must edit.
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Some of the available survey style items are shown in the following
Screen:
JJ =
Rover radio
Base options
Base radio
Laser rangefinder
Topo point
Observed control point
Rapid point
Continuous points Favorites
Stakeout —
Sita ralihratinn | Switch to
Ho survey PDOP:27 )
Esc E E it
If you select Rover options or Base options and change the setting in
the Typefield, the list of Survey Style optionsisrebuilt so that it is
appropriate to that survey type.
_#J b
Survey type: Broadcast Farmat:
L |
Prompt stakion inde:: * 8
RTHK & infill [v
RTH & logging Ignore health: .
FastStatic "
PP kinematic POOF mask: =R
RT differential 6.0 > Menu
RT diff & logging Favarites
-
V|| Switch ta
Ho survey PDOP:2.7
Esc Accept
sl
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For example, if the survey typeischanged to RTK & Logging, thelist
shown in the following screen appears:

JA RTK & logging  (EERIIEIP
=%
Rover radio o8
Base options
Base radio w
Laser rangefinder £ -
Topo point M
Observed control point =R
Rapid point Menu
Continuous points Favorites
Stakeout —
Sita ralihratinm M| Switch ta
Ho survey PDOP:2.7 )
Esc Shore E it

Select each menuitem in turn. In the screen that appears, set the fields
to specify your equipment and preferences.
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Editing a Survey Style
Trimble survey styles can be edited.

Edit asurvey style to define new field observation procedures or to set
options for new hardware, such as radios and receivers.

Any survey style that you create by copying an original or edited
Trimble survey styleisaso locked in thisway. If you create your own
survey styles, however, you can copy and edit them without limitation.

To edit asurvey style:
1. Endthe current survey.

2. From the main menu select Configuration / Survey Styles. The
list of survey styles appears. Highlight the name of the style to
be edited and press[_Eit_J. The list of options for that survey
style appears.

3. Change the settings in each option as required.
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CHAPTER

GPS Recelvers

In this chapter:

Introduction
LED behavior

Communication ports

Logging data

[
[
[
m Starting and stopping the receiver
[
B Resetting to defaults

[

Formatting a CompactFlash card (5700/R7 only)
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Introduction

This chapter describes the Trimble R7, Trimble R8, 5700, and 5800
GPS receivers. All of these receivers can be configured asarover or as
an autonomous base station.

For real-time kinematic surveys, these receivers use a Trimble
controller as an interface. For general operation, all the receiver
controls are located on the front panel, as shown in the following
figures.

Power button

2 Trimble.

Radio Power
tracking status

LEDs

Figure 6.1 5800/R8 receiver front panel
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Data button Power button

{& Trimble

SV Tracking Batteries
Logging/ Radio/Event
Memory Marker
: I
LEDs

Figure 6.2 5700/R7 receiver front panel

Button functions

Each receiver has a power button (represented in this manual by (P)).
The 5700 and R7 receivers aso have a data button (( D J).

Use( P ) to switch the receiver on or off, and to perform data
management functions such as deleting files or resetting the receiver.

Use( D ] to start or stop logging. This button is only effective when the
receiver is switched on and has completed any power-up and
initialization tasks.
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Table 6.1 describes the main functions of the GPS receiver buttons.

Table 6.1 Button functions

Action Power button Data button

(5700/R7 only)

Turn the receiver on Press

Turn the receiver off Hold for 2 seconds

Start logging data internally Press

Stop logging data internally Hold for 2 seconds
Delete the ephemeris file Hold for 15 seconds

Reset the receiver to factory defaults Hold for 15 seconds

Delete application files Hold for 30 seconds

Format the CompactFlash card (5700 only)  Hold for 30 seconds

Note— Theterm*“ press’ indicates that you should press the button
down and release it immediately. The term“ hold” indicates that you
should press the button down and hold it down until the time indicated
has elapsed.

LED Behavior

The LEDs on the receiver indicate various operating conditions.
Generally, alit or slowly flashing LED indicates normal operation, a
LED that isflashing quickly indicates a condition that may require
attention, and an unlit LED indicates that no operation is occurring.
Table 6.2 defines each possible LED state.

Table 6.2 LED terms

The term ... means that the LED ...
Flash is lit briefly every second
Slow flash alternates slowly between being lit and unlit
Fast flash alternates rapidly between being lit and unlit
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Table 6.2 LED terms (continued)

The term ... means that the LED ...
On is lit steadily
Off is unlit

Logging/memory LED

Theyellow Logging/Memory LED below the D ) button indicates the
status of datalogging and memory usage, as shown in Table 6.3.

Table 6.3 LED behavior

Behavior Meaning
On Data is being logged
Slow flash Enough FastStatic data has been logged. Alternatively, if

the red SV Tracking LED is on at the same time, the
receiver is in Monitor mode, and is checking for new
firmware to install.

Fast flash Data is being logged but memory is low

Flash The receiver is in Sleep mode, and will wake up five
minutes before the scheduled start time of a timed
application file

Off Data is not being logged, or the CompactFlash card is full

SV tracking LED

Thered SV Tracking LED below the SV icon indicates the status
of satellite tracking, as shown in Table 6.4.

Table 6.4 SV tracking LED status

Behavior Meaning
Slow flash Tracking four or more satellites
Fast flash Tracking three or fewer satellites
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Table 6.4 SV tracking LED status

Behavior Meaning
Off Not tracking any satellites
On The receiver is in Monitor mode, and is checking for new

firmware to install

Battery LEDs

By default, each battery LED [} indicates the status of the external
power source on Port 1 (5800/R8) or Ports 2 and 3 (5700/R7). If no
external sourceis detected, each LED indicates the status of an
internal battery. The color of the LED indicates whether the power
source is currently in use (green) or is on standby (yellow), as shown

in Table 6.5.

Table 6.5 LED indicator usage

Color Meaning Behavior Meaning
On Healthy
Power source Fast flash Low power
Green is in use
Off No power source is
present
On Healthy
Fast flash Low power
Yellow Power source
is on standby Flash Dead
Off No power source is
present
Radio LED

The Radio LED indicates the status of datainput and output.
Slow flash indicates that an information packet or event marker has

been received.
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Communication Ports

Figure 6.3 and Figure 6.4 below show the receiver communication
ports.

Radio
connection

Port 1

Port 2

Figure 6.3 5800 receiver ports (R8 ports are identical)
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GPS antenna

Radio antenna CompactFlash card

Figure 6.4 5700 receiver ports (R7 ports are identical)

Table 6.6 shows the icons available for the 5700/R7 receiver ports

Table 6.6 5700/R7 receiver ports

Icon Name Connections
B Port 1 Controller, event marker, or computer
@ Port 2 Power in, computer, 1PPS, or event marker
—m
e Port 3 External radio, power in
X7,
[ |
ANT GPS antenna
&\
L RADIO Radio communications antenna
(G op
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Starting and Stopping the Receiver
To turn on the receiver, press( P ).
To turn off the receiver, hold down { P ) for two seconds.

In RTK surveys, starting and stopping the receiver is controlled by
Trimble Survey Controller.

Logging Data

You can log data on the GPS receiver, or you can use the receiver to
generate GPS data, which islogged to a controller.

Logging to Trimble Survey Controller

When the receiver is connected to a controller running Trimble Survey
Controller, you can log GPS data from the receiver to the controller.
When you use Trimble Survey Controller, you do not use the
receiver’'s controls. Instead, you use Trimble Survey Controller
functions to set logging options, specify filenames, and control when
logging occurs.

Datais stored in job files, which can be transferred to your office
computer using Trimble's Data Transfer utility.

Logging internally

The 5700/R7 receivers can log GPS datainternally on a CompactFlash
card. The 5800/R8 receivers have internal memory for storing data.
You can then use Data Transfer to transfer logged datafiles to your
office computer. The transferred files are in Trimble DAT (.dat)
format.

Dataislogged using the current logging settings configured in the
receiver. Datafiles logged internally are named automatically.

Real-Time Kinematic Surveying 103



6

GPS Receivers

104

For the 5700/R7 receivers:

» Tobegininternal logging, press( D ). The Logging/Memory
LED lights up.

e To stop logging, hold down D) for at least two seconds. The
Logging/Memory LED turns off.

For the 5800/R8 receivers:

»  To beginlogging data, you must have a Trimble controller
attached.

Note — When the CompactFlash card isfull, the receiver stopslogging
data, and the Logging/Memory LED switches off. Existing data files
are not overwritten.

Approximate storage requirements for different logging rates are
shown in Table 6.7. The values shown are for a one-hour logging
session with six satellites visible.

Table 6.7 Storage requirements

Logging rate Memory required

10 Hz 2,588 KB

1Hz 335 KB

5 seconds 87 KB

15 seconds 37 KB

Note — If power islost, or the CompactFlash card is removed while
logging, the file system is designed so that a maximum of ten seconds
of data will be lost, regardless of the logging rate. To ensure that this
behavior occurs, use the GPS Configurator software to performa
quick format of the CompactFlash card before logging data to the card
for thefirst time.
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Resetting to Defaults

AN

To reset the receiver to its factory default settings, hold down (P) for at
least 15 seconds.

Warning — Make sure that you do not hold down the Power button for
more than 30 seconds. After 30 seconds, any application files stored in
the receiver are deleted and any memory, including a CompactFlash card,
is reformatted.

Resetting the receiver to its factory defaults also deletes any almanac
filein the receiver.

Formatting a CompactFlash Card (5700/R7 Only)

To format a CompactFlash card for usein a5700 or R7 receiver, insert
the card in the CompactFlash port, then hold down (P ] for at least 30
seconds. After 15 seconds, the receiver isreset to its factory defaults,
and any almanac file is deleted. After 30 seconds, any files stored on
the card are deleted and the CompactFlash card is reformatted.

Warning — Formatting a CompactFlash card while it is in the receiver
deletes all the data files on the card and all the application files in the
receiver.

Note — When you use P ] to format the CompactFlash card, a quick
format is performed. A quick format reformats the card for use with a
5700/RY7 receiver and deletes all data on the card. A full format also
checks the card for errors and bad sectors. A full format is only
necessary if the card is corrupted. To perform a full format, use the
GPS Configurator software.
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Embedded software

A receiver's embedded software isthe program inside the receiver that
makes the receiver run and controls the hardware. Use WinFlash to
upgrade the embedded software.

Alternatively, for the 5700/R7 receiver, to upgrade the embedded
software, copy the .elf file to the CompactFlash card:

1. Connect the CompactFlash card to your desktop computer.

2. Using Microsoft Windows Explorer, copy the .elf file from your
computer to the CompactFlash card.

3. Disconnect the CompactFlash card from your computer and
insert it into the receiver.

4. Turnthe 5700/R7receiver off.
Hold down (D ] and press( P ).

The receiver starts up in Monitor mode, automatically detects
the newer version of the firmware, and installsit. In Monitor
mode, thered SV Tracking LED islit solidly and the yellow
Logging/Memory LED flashes slowly.

The upgrade takes about two minutes. Once the upgrade
procedure is complete, the receiver restarts automatically.

A Warning — Upgrading the embedded software deletes all application files
on the receiver.
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In this chapter:

General guidelines
The TRIMTALK 450S radio modem

]
]
m The TRIMMARK 3 radio modem
]

Configuring the radio modem
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Introduction

This chapter describes how to use aradio to carry out an RTK survey.

General Guidelines

108

Before setting up the equipment in the field, verify that each radio
modem is set to the same channel and wireless data rate. Also verify
that the radio modem’s Data Port settings are 38400 Baud Rate and
Parity None by using the WinFlash utility. Set the serial port settings
for both base and rover GPS receivers to 38400 bps, 8 hits, parity
none, and 1 stop bit. Refer to the GPS receiver manual for general
GPS receiver setup information. If these settings are not available, use
either the WinFlash or TTSetup utility, or Trimble Survey Controller
to set the radio modem'’s serial port settings to those of the GPS
receiver.

Note — High-power signals from a nearby high-power radio station or
radar transmitter can overwhelm the radio modem circuits. This does
not harm the instruments, but can prevent them from functioning
correctly. To avoid problems, try not to use the radio modems within
400 meters (1300 feet) of powerful radar, television, or other
transmitters. Low-power transmitters such asthose in portable phones
and walkie-talkies normally do not interfere with TrimTalk 450S or
TRIMMARK 3 radio modem operations unless they are tuned to the
same channel. Always monitor frequency before and during operation.
Transmit only on a clear channel.

To avoid possible interference with GPS reception, keep the base radio
modem antenna asfar as possible—at least 3 m (10 ft)—from the GPS
antenna.
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The TRIMTALK 450S Radio Modem

The TRIMTALK 450S radio modem is packaged in a weatherproof,
yellow metal box. The front panel has two indicator lights for power
and data, Figure 4.10.

7 D
Trimble
TRIMTALK 450S
POWER DATA
O O
\ Y

Figure 7.1  TRIMTALK 450S front panel

Controls and indicators

The TRIMTALK 450S radio modem front panel has two lights. The
datalight blinks whenever the receiver successfully sends or receivesa
data packet. The blink is slightly longer when sending a packet than
when receiving one. The power light turns on whenever adequate
power is supplied to the receiver. In the case of low power supply
voltage or current, the power light may blink or remain off to indicate
the fault condition. When the power light is off, the TRIMTALK 450S
radio modem tries to maintain receiver operation. For example, the
receiver may be able to respond to the serial port, or even receive
incoming packets while the power light is off due to apartialy
discharged battery. However, trying to transmit with a partially
discharged battery results in decreased or zero transmitter power.

Note — Change rechargeable batteries when the POWER light turns
off. Continuing to operate from a discharged battery decreases battery
life.
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Figure 4.11 shows the rear panel.
] N
Trimble ANTENNA
WARNING
POWER
& 110
SEE OPERATION MANUAL
FOR DETAILED INSTRUCTIONS|
& SERVICE INFORMATION 10-35 VDC
\ ¥
Figure 7.2 TRIMTALK 450S rear panel
The rear panel has three electrical connectors:
— POWER & 1/0 connector (five-pin female LEMO)
— AUX 1/O connector (seven-pin male CONXALL)
— ANTENNA connector (female TNC)
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Exercise 3: Configure the TRIMTALK 450S radio modem

When a successful connection is established, the TRIMTALK Setup
window is replaced by the TRIMTALK 450S Setup window:

TRIMTALK 4505 Setup M= =
You have connected to a TRIMTALK 4505.

This radio modem has a frequency range of 450-460MHz with a
channel spacing of 25 KHz.

To change the TRIMTALK's settings:

Press  Reset | to set the TRIMTALK to the factory defaults,
or change any or all of the following settings:

Select a new serial port baud rate 38400 bps j

Select a new serial port parity setting Odd j
Select a new frequency 455.0000 MHz j
Select a new wireless data rate 4800 bps j

Select a new mode
’7 & Base/Rover " Repeater #1 " Repeater #2

Then press Set to apply your selections.

To return to the main menu with no changes. press Cancel |

More help is available by pressing Help |

W version 215 08/21/96. Serial number 0220082048

Note — From the TRIMTALK 450S Setup window you can select the
receiver’s operating frequency from the factory programmed list of
available frequencies.

Follow these steps to modify the serial port parameters, radio
frequency and wireless data link parameters:

1. Change the serial port baud rate and parity, if necessary.

Note — Change the receiver’s serial port settings only if you
plan on connecting the TRIMTALK 450Sradio modemto a GPS
receiver with serial port settings different than 38400 bps and
odd parity.
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Select the radio frequency you want from the list of available
frequenciesin the Select a new radio frequency list box. All
frequencies are displayed from lowest to highest in the list box.
The program cannot accept an invalid setting.

Select the wireless data rate from the list in Select a new
wireless data rate list window. The program cannot accept an
invalid setting.

Note — All TRIMTALK 450S radio modemsin a wireless data
network must be configured to the same frequency and wireless
data rate.

In the New Mode list box, select the radio modem’s mode; Base/
Rover, Repeater #1 or Repeater #2.

Click on to load them into the receiver's non-volatile
memory. These parameters are retrieved each time the
TRIMTALK 450S radio modem is powered-up.

alowsyou to leave the TRIMTALK 450S Setup window
without making any changes.

resetsall of the receiver’s configuration parametersto the
factory defaults. The TRIMTALK 450S radio modem'’s serial |/
O factory default settings are 38400 bps, 8 data bits, odd parity
and 1 stop bit. The wireless datalink factory default settings are
Channédl 1, 4800 bps and Base/Rover mode.

Note — If a TRIMTALK 450Sradio modem s reset, make sure that its
settings are updated to match the other units in the network before
trying to use it in the network.
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The TRIMMARK 3 Radio Modem

The radio modem is packaged in a weatherproof housing. The front
panel, as shown in Figure 4.12 has a VFD display to indicate channel
frequency, radio status, and error messages. The following menus are
available through the front panel:

*  Channel — channel number and operating frequency.
*  Mode- base, repeater or rover modes
e Channd sharing — carrier detect settings

e Transmit power — 2, 10, or 25 watts

Next Up / Down

Figure 7.3  TRIMMARK 3 front panel

e Speaker — Control the volume of the received audio signal on
the currently selected channel. If the volume is adjusted high
enough, you will hear any traffic present.

*  Up/ Down - Scroll through the available menu options.

»  Next — Browse though the menu screens.
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The rear panel, as shown in Figure 4.13, has the following electrical
connectors:

* Antenna—Female TNC
e Power — Two-pin LEMO
« Data— Seven-pin LEMO, 0-shell

Figure 7.4  TRIMMARK 3 rear panel

When you turn the modem on, the Channel menu appears by default.
Select other menus with the front panel control keys, as shown in
Figure 4.12.
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Figure 4.14 shows the menu hierarchy.

Next

Channel Mode
1 461.0125 MHz Next o Base w/ No Rpt
Ll
A A
\4 \4
Channel Mode

2 461.0200 MHz

i

Up to 20 Channels

Base w/ One Rpt

i

Mode
Base w/ Two Rpt

!

Mode
Repeater 1

!

Mode
Repeater 2

!

Mode
Rover

\ 4

Channel Sharing
Off

Next

A
\4

Channel Sharing
Avoid Weak Sig

i

Channel Sharing
Avoid Strong Sig

\4

Transmit Power
Low Power 2W

A
\4

Transmit Power
Med Power 10 W

i

Transmit Power
High Power 25 W

Figure 7.5

TRIMMARK 3 menu hierarchy

Power and 1/O cables

The TRIMMARK 3 base equipment set includes a radio-to-receiver
Input/Output cable (not provided in the repeater equipment set), an
antenna cable with integrated antenna mount, a power cable, and a

configuration cable (PC to radio modem). The configuration cable lets

you modify the radio modem configuration using the WinFlash utility.

Real-Time Kinematic Surveying

115




7

Radio Data Links

116

When configured as a base, the modem receives data at the data
connector through asingle LEMO-to-LEMO cable that plugsinto a
Trimble GPS receiver. When the receiver is configured as a repeater,
no data connection is required.

Power is connected to the receiver at the power connector from a
stable power supply or a battery.

Defaults

The TRIMMARK 3 radio modem is shipped from the factory with the
serial 1/0O port configured for 38400 bps, 8 data bits, parity none, and
wireless mode set to TRIMMARK |1 mode at 4800 bps. Channel
sharing is set to Avoid Weak Signals.

All modems are shipped from the factory configured as Base with no
Repesaters. Use WinFlash, the front panel, or the controller to
configure the modem for your specific application.

When power is applied to the modem, the front panel briefly displays
the firmware version and then cycles to the main menu, which displays
channel and frequency information. If the GPS receiver is providing
data to the modem, it will immediately begin transmitting data as
indicated by “TRAN” flashing at the selected transmit rate in the
upper right corner of the display.

Warning — Before applying power, ensure that the antenna cable and
antenna are properly connected to the radio. If the radio transmits without
the antenna attached it may cause damage to the radio amplifier.
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Configuring the Radio Modem

Each TRIMMARK 3 radio modem comes from the factory with its
serial 1/0 port configured for 38400 bps, 8 databits, parity hone, and 1
stop bit. The modem is preconfigured for Base without a Repeater
mode. Use WinFlash, Trimble Survey Controller, or the front panel to
configure the modem for operations in other modes.

The factory default parameters are stored in nonvolatile memory and
serve astheinitial power-up settings for the radio modems. The
modem retrieves the parameters stored in non-volatile memory at each
power-up. The power-up settings can be changed as often as necessary
using the WinFlash utility.

Configuring the serial 1/0 port

Note — The BAUD RATE, FORMAT, and CTS parameters for the GPS
receiver must be configured to transfer data properly between the
receiver and the radio modem. BAUD RATE must be set to match the
maximum serial 1/O rate of the radio modem (38400 bps) and
FORMAT is always set to 8NONE-1. CTSflow control is disabled.

See the following sections for procedures to connect the modem to
your computer, install the WinFlash Utility under Windows, and set up
the serial 1/O parameters.

Note — Your computer must be able to support a 38400 bps serial port
data rate.

Connecting to a computer

Connect the radio modem programming cable (P/N 32960) to the
serial COM port on the computer and the 1/0 port on the radio.
Connect power cable (P/N 40356) to the power connector from a
suitable power source.
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Exercise 4: Configure the TRIMMARK 3 radio using
WinFlash

WinFlash is a communications setup utility used to configure the
radio. For information on the installation of WinFlash and an icon on
your desktop, read the README.TXT file provided on the WinFlash
diskette or use the Microsoft Windows documentation.

To use WinFlash:
1. Select and open the WinFlash icon to start WinFlash:

WinFLASH v1.05 - Device Configuration ll

The devices which WinFLASH can communicate with
are listed below.

Select a device and PC zerial port to uze, and prezs
Mext to continue.

— Device Configuration

Device type:
TRIMMARE. 3 Transceiver

PLC zerial port: ICDM'I 'I

< Back I Mext > I Cancel | Help |

2. Follow the directionsin the WinFlash window to make alogical
connection to the radio modem.

a.  Select the appropriate PC serial port (COM port).

b. Select the appropriate device, TRIMMARK 3 transceiver,
and press Next.
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The Operation Selection window appears:

WinFLASH - Operation Selection il

The operations supparted by the TRIMMARE, 3
Transceiver are listed below,

Select an operation to perform and press Mest to
continue.

— Dperations
Configure TRIMMARE, 3
Uparade radio firiware

Load Frequency Update
Retrieve radio diagnostic infarmation.

Dezcription
Connects to a TRIMMARE 3 radio and displags
an interactive settings dialog.

< Back I Mext > I Cancel | Help |

3. Select the appropriate operation in the Operations window,
Configure TRIMMARK 3, and press Next.

The Settings Review window appears to confirm that you
selected operation.

4. PressFinish.

A connection status window appears, counts to 100%, and then
displaysthe TRIMMARK 3 configuration menu.
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When a successful connection is established, the TRIMMARK 3
Configuration window replaces the WinFlash window:

x

TRIMMARK 3 Configuration
Y'ou have connected to a TRIMMARE 3

—Radio Settings Set
Mode: IBase with One Repeater j Cancel |
RF Output Power: |2Watts j Radia Info ... |
Channel Sharing: IAvnid Weak Signals j
v Enable Station |D

Call Sigr: [KNNF335
— Dlata Port

Baud Fate: Im
Parity:
Diata bits: e
Stap bits: o

—wireless Settings
Current Channel: ICh. 1-461.0250 MHz j

Wirsless Mode: | TRIMTALK 4505 at 3600 bps |

Mote: "Wireless settings must be common
arnong all radios in wour netwark.

Usethedialogsin the TRIMMARK 3 Configuration window to modify
configuration parameters.

To configure the modem:

1. Select the appropriate operating Mode depending on intended
use, for example, Base with No Repeaters.

2. Select the appropriate RF Output Power: 2, 10, or 25 watts. The
permissible output power may be limited in your region.

3. Select the Channel Sharing configuration (base modes only, not
selectable for arepeater or rover):
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Off — The carrier detect mode is off. The radio will ignore other
transmissions on your frequency and continue to transmit data.

Note — Channel Sharing set to Off may beillegal in your
country of use. You may be subject to penalties or fines based
upon the specific licensing requirements for your country of use.
Please consult your radio license documentation or licensing
agency for operational guidelines.

Avoid Weak Sgnals— The carrier detect mode ison. Theradio
will cease transmitting if it detects another radio transmission
on its frequency. It will resume transmission when the channel
isfree of radio traffic.

Avoid Srong Signals — The carrier detect modeis on, but the
radio will stop transmitting only when there is a strong signal
present. (Receive level >-90 dBm)

Check the Enable Station ID box and enter your call signinto
the box. Thisis aFederal Communications Commission
requirement for U.S. licensed users, and sets your radio to
transmit your call sign in Morse code every 15 minutes.

In the Data Port dialog, enter the Baud Rate and Parity. These
are the communications parameters between the receiver and
radio.

Note — The factory default GPS port parameters for the
TRIMMARK 3 radio are 38400 baud rate with parity none. The
factory default mode is Base with no Repeater with Channel
Sharing set to Avoid Weak Sgnals (ON).

In the Wireless Settings dialog, select the appropriate Current
Channel, which determines the radio operating frequency. Next,
select the desired Wireless Mode, which determines the
over-the-air communications parameters.

To update the configuration, click the Set button.

The Status dialog appears. You can return to the main menu, or
exit WinFlash.
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Note— All radiosin the network must be configured with the
same wireless setting.

Tip — Setting the wireless mode to the highest possible setting reduces
battery consumption on your base or repeater. For example, 9600 bps
consumes half the power of 4800 bps for the same data format and time
of operation.

8. TheRadio Info button allows you to view atext listing of all
radio information, including its current configuration.

Tip — You can print or save to file the radio configuration information for
future reference. This saved file can be printed and then faxed or e-mailed
to Trimble Support to aid in troubleshooting radio problems.

Frequency list updates

The TRIMMARK 3 radio modem can be programmed with alist of up
to 20 frequencies, stored in non-volatile memory. Thislistis
preconfigured based on the frequencies requested when the modem
was ordered. Governmental regulations require that only
manufacturers or authorized dealers be allowed to create this
frequency list. All frequencies programmed into a modem must
comply with the host country regulations.

When you need to change the frequency list (add, delete, or replace
frequencies), contact your Trimble dealer and provide the radio
modem’s serial number and an updated list of the frequencies you
require. Once you are provided with the frequency file, you may
upgrade the radio using the WinFlash utility.
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Firmware updates

TRIMMARK 3 firmware upgrades will be available periodically for
download at the Trimble World Wide Web (www.trimble.com) or FTP
site (ftp.trimble.com). The radio firmware can be upgraded using the
WinFlash utility program.
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CHAPTER

The Trimble Geomatics Office
Software

In this chapter:

Introduction

Starting Trimble Geomatics Office

The Survey view

Other modules

The Plan view

Properties window overview

Viewing survey data in the Properties window
Viewing and editing points

Viewing observations

Using project templates
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Introduction

This chapter describes the Trimble Geomatics Office software and
how to use it to process the data from an RTK survey.

Starting Trimble Geomatics Office
To start the software:

e Click i#start and then select Programs/ Trimble Geomatics
Office/ Trimble Geomatics Office.

The Trimble Geomatics Office window appears.

The Trimble Geomatics Office window

The Trimble Geomatics Office window includes the main graphics
window (which displays project data), menus, and toolbars.

There are two views—Survey and Plan. In each view the available
menus, menu commands, and toolbars are different.

To switch between the Survey and Plan views, do one of the following:
e Inthetoolbar, select the Survey View *j;| tool or the Plan View

ﬁ tool.

e Select View/ Survey or View / Plan.
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Figure 8.1 shows the parts of the Trimble Geomatics Office window
that are common to both views.

Project Project Menu Toolbars
bar name commands

B Trinible Geomatics Office - Sample Data - [Survey]

[ Eild Edit ¥ew Insert Select Survey Adjustment Reports Window Help

L JRETES
IFF3¢ D@ (6o s |0 | rfeaa||®e|mm|ea —F ElEEEE
Trimble Survey
Projects
Import
)
[Far Help| press F1 |607047.173m, 1626447.963m | [v@ | [um
Zoom navigator Status Graphics Window
window bar window corner

Figure 8.1  Parts of the graphics window common to both views
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The project bar
The project bar islocated on the | eft side of the Trimble Geomatics
Office window. It contains named groups (for example, the Trimble
Survey group) that list shortcuts to commonly performed tasks. These
groups follow a general work flow.
Figure 8.2 shows the parts of the project bar. You can click the
drop-down arrow to show therest of the shortcutsin agroup. Click a
shortcut to perform atask. For example, click the Survey Device
shortcut to transfer data from a device to the Trimble Geomatics
Office project.
Trimble survey
shortcuts
).
L|:||:||:| Clozures
Drop-down
arrow
] Frojects
Irmpart
Process
Other groups  — Adjuztment
Expart
L CAD
Figure 8.2 Items in the project bar
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i

To show or hide the project bar, do one of the following:
* Inthetoolbar, click the Project Bar E icon.
e Select View/ Project Bar.

When there is no project open, the Projects and Utilities groups are
available. When a project is open, only the Utilitiesgroup is
unavailable.

The zoom navigator

The zoom navigator is asmall window located at the bottom of the
project bar. It reflects the data displayed in the main Trimble
Geomatics Office graphics window. If you use any of the zoom tools
in the main window, the zoom navigator changesto reflect this. It isa
convenient display of the extents of your project.

You can show or hide the zoom navigator within the project bar. To do
this:
e Intheproject bar, right-click to access the shortcut menu and
then select Zoom Navigator.
To use the zoom navigator:

*  Click an area of the project in the zoom navigator. This area
becomes the center of the main graphics window.

To use the zoom nhavigator to zoom:

e Inthe zoom navigator, drag a box around the area of interest.
The main graphics window displays the same data.

When you point to the middle of the box in the zoom navigator, the
pointer becomes a “”@ . Thismeans that you can drag the box over the
project areawithout changing the zoom. The view of the project in the
main graphics window reflects these movements.

Tip — If you have a mouse with a wheel, you can use the wheel to change
the size of the zoom navigator box.
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The status bar

The status bar is located at the bottom of the Trimble Geomatics
Office graphics window (see Figure 8.1, page 127). It displaysicons
that show the current status of the project. To perform the action
indicated by anicon, double-click it. Table 8.1 showstheiconsthat are
displayed in the status bar.

Table 8.1 Icons in the status bar
Icon View Is displayed when ...
Recompute Both a recomputation is required to update the coordinates for points
Ii fixed by GPS and terrestrial observations. To perform a
recomputation, double-click this icon.
Flag Survey there is a misclosure between two or more observations to the

e

same point, or a GPS observation has failed the rejection
criteria. To select all of the points and observations which are
flagged, double-click this icon. The Properties window opens.
You can view the points and observations. If you suppress a flag
for a point or an observation, the flag is white.

Hidden Layers Plan

W

one or more layers have their Visible property set to false. To
edit the Visible property of layers, double-click this icon. The
Layers dialog appears.

Locked Layers Plan

one or more layers have their Locked property set to true. To
edit the Locked property of layers, double-click this icon. The
Layers dialog appears.

View Filters Survey  one or more view filters are applied. To edit the view filters,
T double-click this icon. The View Filters dialog appears.
Grid Line Both grid lines are displayed. The grid interval is also shown.

ol

Graphics Window Both

the mouse is outside of the graphics window.

Dimension
st
1
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The Survey View

In the Survey view, GPS and terrestrial observations are displayed as
colored lines. Control points and network adjusted points also have

special displays.

If Trimble Geomatics Office finds any problematic observations (for
example, a misclosure outside the tolerance specified in the
Horizontal or Vertical fields of the Recompute tab in the Project
Propertiesdiaog), error flags appear at the point where the misclosure
occurs. Use the Survey view to perform survey-related tasks such as:

«  checking GPS and conventional observations
e correcting erroneous data

*  GPSprocessing (if you have the WAV E Baseline Processing
module installed)

« GPSsitecalibration
e GPSloop closures
. inverse calculations

*  Network Adjustment (if you have the Network Adjustment
module installed)

For more information, refer to the Trimble Geomatics Office Help.

Figure 8.3 shows a project in the Survey view.
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RTK vectors
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Figure 8.3
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A project in the Survey view

Real-Time Kinematic Surveying




The Trimble Geomatics Office Software 8

Other Modules

Once the Trimble Geomatics Office base module isinstalled the
following additional modules can be added.

Note — Additional modules will appear under Survey view.

WAVE baseline processing module

Table 8.2 shows the functionality that is available in the Trimble
Geomatics Office — WAV E Baseline Processing module.

Table 8.2 The WAVE baseline processing module

Name

Use

WAVE Baseline processor
(available from the Survey menu or
the project bar)

To process raw GPS observations,
including kinematic, continuous
kinematic, static/FastStatic and infill
data.

WAVE processing styles

To specify different processing controls
for the WAVE baseline processor, and
to save the control sets as named
styles.

Timeline window

To view and edit raw GPS
measurements and survey information.
Displays GPS data in a chronological
view. The close integration of the
Timeline window with the graphics
window makes this a powerful quality
control tool.

GPS Baseline Processing Report
(HTML)

To display detailed information about
postprocessed baseline solutions.
These reports are available both during
processing and also later from the
Reports menu.

Process group in the project bar

For quick access to commonly used
baseline processing tasks.
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Network adjustment module
Table 8.3 shows the functionality that is available in the Trimble
Geomatics Office — Network Adjustment module.
Table 8.3 The Network Adjustment module

Name Use

Network Adjustment To adjust your GPS and terrestrial networks,

(available from the analyze the results, edit the network

Adjustment menu or the parameters, and readjust.

project bar).

Allowing you to fix points,

load observations for

Network Adjustment,

determine observation

outliers, and weight the

observation errors.

Network Adjustment styles To specify different adjustment controls for the
Network Adjustment software, and to save the
control sets as hamed styles.

Network Adjustment To review the results of the adjustment and

Report (HTML) perform quality control checks.

Adjustment group in project For quick access to commonly-used network

bar adjustment processing tasks.

Ellipse Controls toolbar To configure the appearance of error ellipses in
the graphics window after a network
adjustment.

Note — For RTK surveys, only base module is required.
For RTK & Infill surveys, WAVE moduleis required for processing

Infill data.

If you wish to include RTK baselines into a network adjustment, the

Network Adjustment module is required. Make sure QC2 records are
collected in the field.
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The Plan View

In the Plan view, entities are displayed according to the style given to
them, so use the Plan view to view the topographic features observed
during the field survey. You can add entities—points, lines, arcs,
curves, text styles, and annotations—to the project.

You can change the style of an entity by using the Properties window
or the Multiple Edit dialog, or by processing feature codes. Any
changes that you make do not affect the underlying survey
observations.

Use the Plan view to prepare a topographic survey for export to your
design software package. You can do the following:

e process feature codes
e manage layers and styles
» accessthe DTMLink and RoadLink software
For more information, refer to the Trimble Geomatics Office Help.

Figure 8.4 shows a project in the Plan view.
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Figure 8.4

ToolTips

A project in the Plan view

Tool Tips are a quick way to learn about, or recall the function of, a
button, box, or tool. They also provide useful information about
entities in the graphics window. To use Tool Tips:

«  Position the pointer over a button, box, or tool in the toolbar; or

an entity (observation, paoint, line, arc, curve, text, or
annotation) in the graphics window.

After afew seconds, asmall pop-up window appears and
identifies the item. Thisisa Tool Tip.
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For example, when you position the pointer over the Import tool in the
standard toolbar, the following Tool Tip appears:

il

ik

For more information about what each tool does, refer to the Help.

Shortcut menus

Shortcut menus are context-sensitive menus with commands that vary
depending on where you position the pointer.

You can use shortcut menus for common tasks such as:
e accessing commonly-used menu commands and dialogs
e toggling display settings
* inserting field codes

To access a shortcut menu:

1. Inthe appropriate area, click the right mouse button
(right-click). A shortcut menu appears.

2. Select the appropriate menu command.
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Pointers

When you use amouse, you use a pointer to select objects and choose
menu commands. This pointer changes shape according to its position,
the mode you are in (for example, the Select or Field fill-in modes), or
the tool that has been selected. Table 8.4 shows some pointers.

Table 8.4 Pointer shapes

Pointer Use
l}, When it is in the graphics window in Select mode, or when it
is to be used for selecting menu items or toolbar icons.

When it is over a text box—used for inserting text.

. When it is in Field fill-in mode.
+ When it is in Pan mode—used for shifting the center of the
@ zoom area in the graphics window to display a different area
of the screen view.
4+ When defining a selection set.
Q When moving selected entities.
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Color and symbol schemes
Table 8.5 shows the available colors and symbols.

Table 8.5 Colors and symbols

Item Default legend Black legend

Default color for text Window text color in Control White

Panel

Trimble Geomatics Office graphics Window color in Control Panel Black

window

Color of selected entities Selected items color in Control Red

Panel

More than one type of observation Black White

(for example a terrestrial and an

RTK observation between two

points)

RTK vectors Blue Blue

Postprocessed static baselines Orange Yellow

Conventional observations Dark green Dark green

Laser rangefinder observations Light green Light green

Reduced observations Green Green

Potential baselines (overlapping Grey Grey

GPS data between two points)

Disabled baselines Dark red Dark red

Any observation enabled as a Dashed line in the color set for Dashed line in the color
check the observation type set for the observation

type

Flagged observations Red Red

RTK Continuous vectors Light blue Light blue
Postprocessed Kinematic (PPK) Blue Blue

vectors

PPK Continuous vectors Light blue Light blue

Normal point Black dot White dot
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Table 8.5 Colors and symbols (Continued)
Item Default legend Black legend
Station Blue circle White circle

3D control point

Blue triangle with dot

White triangle with dot

Horizontal control point

Blue single triangle

White single triangle

Vertical control point

Blue box

White box

Network-adjusted point

White solid circle

White solid circle

Event marker

Blue solid circle

Blue solid circle

Properties Window Overview

The Properties window lets you view the details of al entities (points,
observations, lines, arcs, curves, text, annotations). Use it whenever
you want to view and edit entity details. The software immediately
applies any changes that you make to entities in the Properties
window.

You can keep the Properties window open while you use other parts of
Trimble Geomatics Office. The Properties window is automatically
updated to show the correct information about the currently selected
entities.

Thetree view in the Propertieswindow shows the names and val ues of
the selected item, and the relationship between the entities. For
example, to view the from and to points for any observation or linetype
entity, click the plus (+) icon and select the point that you want to view
and edit.

You can select one or more entities to view in the Properties window
at the same time. When you have defined a current selection set and
selected an entity to view from the Properties window selection lit,
the current selection in the graphics window is updated to include only
the entity that you are viewing. The Properties window selection list
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retains the original selection set. Any entities highlighted in the
Properties window selection list become the current selection set in
the graphics window.

To open the Properties window, do one of the following:
e Select Edit / Properties.
. In the standard toolbar, select the Edit Properties | tool.
*  Double-click agraphical entity.
Figure 8.5 shows the Properties window, and the table following it
describes each part.
6
Il Properties {1 item selected} |;| |
|Se|ecti0n & AZ W Survey |CAD I .&tlribulesl
4 -1 A29 [1168-1168] =] 5 Tp &
=% 1167 I @ PO :
3 bl F28 (11671167 v |[Paintname:  f1154
@A "OFFSET_[FT_OFFE E Easting: 143747 725m )
[ {83 1167 A G o s
] R28 (1167-1167) Morthing: 215763.895m -
H-- T41-21182] J Elevatian: £.046m £
E----g T8 (121183 Height: -10.367m i,
@ @ Gid " Local (" WGS84
@2 -
Figure 85  The Properties window

Part Function

1 Shows the number of items selected.

2 The tabs organize data into groups. The availability of the tabs depends on the type
of entity selected.

3 Lists the entities in your current selection set. You can only view the details of one
entity at a time. If you have more than one entity selected, from the list select the
entity you want to look at.

4 Lets you expand and collapse the tree view outline.
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Part Function
5 Selection tools
@& The Group Survey Data tool groups data by source or type.
The Sort tool sorts the selected entities. To do this, select the option you
% want
| The Filter tool only keeps an entity type in the current selection set.
6 The Auto roll-up tool minimizes the Properties window when the mouse

;I pointer moves from the area of the Properties window.

The information and tabs avail able on the right side of the Properties
window depend on the entity type currently selected. The following
sections describe how to use the Properties window to view and edit
data for each type.

Viewing Survey Data in the Properties window

Use the Survey tab of the Properties window to view and edit the
survey-related properties of an entity in the selection. You can view the
properties of entities that appear in the Survey view, such as:

142

points

GPS observations
conventional observations
level observations

laser rangefinder observations
azimuth observations

reduced observations
staked-out point information
events data
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Using pages to view survey details

Survey detailsin the Properties window are organized into pages. You
can only view one page at atime. Access the pages using the available
page buttons. They depend on the entity type that is currently selected.

Figure 8.6 shows the typical parts of apagein the Survey tab.

Page name
Il Properties (1 item selected) | x]
|Se|ection = AZ T Suvey | CAD | Attributesl
-1 F29 [1168-1168) =] I @ Summary 7 &
-8 1167 -
b =1 R28 [1167-1167) v Paint namne: |1184
é--A"DFFSET_[FT_DFFE = Easting: 148747 725m .
{0 1167 A 1| [Nortking: 215763 095 A
] R28 [1167-1167) —|"omne e "
=9 T4[1-21182) J Elewvation: £.046m S
=18 T5-21183) Height: -10.367m A
1 & Gid O Local (" WGS84
e @2
.
Page buttons
Figure 8.6  The Survey tab

Viewing and Editing Points

Point details in the Properties window are organized into the

following tabs:
e Usethe Survey tab to view and edit the survey-related details of
a selected point.

*  Usethe Sakeout tab to view details about staked out points.

e Usethe CAD tab to view and edit the CAD-related details of a
selected point.
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» If aselected point contains attribute information and you have
set up the project for attributes, use the Attributes tab to view
thisinformation.

To view and edit the details of a point, select the appropriate tab in the
Properties window.

The following sections describe the details of a point that you can
view, using the Properties window.

Viewing survey details

Use the Survey tab in the Properties window to view and edit the
survey-related details of the selected point (for example, the derived
position, warning messages, occupation and setup details, coordinates,
and observation statistics).

To view the survey details for a point:
1. Inthe Properties window, do one of the following:
—  From the Properties window selection list, select a point.
— Inthe graphics window, select a point.
2. Select the Survey tab.

To select the types of survey details that you want to view, click
a page button.

Tip — To view the from and to points for any observation, click the plus (+)
icon beside the observation. Then, click the point that you want to view
and edit.

Real-Time Kinematic Surveying



The Trimble Geomatics Office Software 8

The following Properties window shows atypical page for a point:

Il Properties (1 item selected) | x|
|SE|EC“U"1 & Az [ Survey |D’-\D I .&tlribulesl
-] F29 [1166-1168) o] I @ [Gunmmay 70 &
-8} 1167 -
..... =1 R28 [1167-1167) v Faint name: |11B4
@A "OFFSET_[FT_DFFE ? E asting: 148747.725m )
(83 1167 Al B ot e
: thirg: 2157E3.895
-] 28 [1167-1167) —" " N
H-- T41-21182] J Elevatian: £.046m Aim
=3¢ TE1-2-1183) Height: -10.367m Vi
P %1 @ Gid O Local C WGS84
e 2 =
‘ : o N, ﬂJ

Table 8.6 summarizes the pages for points in the Properties window.
For more information on each page, refer to the appropriate Help

topics.
Table 8.6 Pages for points in the Properties window
Button Page name What it shows
Summary The point name, the derived position, and qualities for a
I @ point.
Use this page to view the qualities of the position
components or report on how the point was derived.
Warning A warning message indicating that a misclosure has been
A

detected on the point, or that a high RMS was detected.

Use this page to view the error message and to suppress
the warning flags displayed in the graphics window if the
error is acceptable for the project.

Occupations and
Setups

Details of any GPS occupation or terrestrial setup from or to
the point.

Use this page to view and correct the details for the GPS
occupation or terrestrial setup details, for example, antenna
and target heights. If there is more than one occupation or
setup for the point, a shortcut menu appears. As you hold
the pointer over different occupations and setups in the
shortcut menu, the occupation and setup details are
updated in the page.
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Table 8.6 Pages for points in the Properties window (Continued)

Button Page name What it shows
Error Estimate The estimated errors for the point’s position after a network
‘%ﬁ adjustment, if you have the Network Adjustment module
installed.
N/A Coordinate The underlying coordinates and qualities for a point.
Use this page to change the coordinate qualities and status
of the point.
N/A GPS Solution The position solution of a GPS point including the time of
(APC) occupation, WGS-84 coordinates, and precisions.

Use this page to view the position solution and to change
the status of the point.

Note — If the Summary pageis set to display the point asa WGS-84
position, the fields displayed will depend on what is set for the Display
WGS 84 as setting in the Units and Format tab of the Project
Propertiesdialog. For example, if the Display WGS-84 asfield is set to
XY, Z, the WGS-84 fieldsin the Summary page are labeled X,Y,Z. If the
Display WGS84 asfieldisset to L,L,H, the WGS -84 fields are labeled
Latitude, Longitude, and Height.

Point quality indicators

The Properties window shows the quality of each coordinate
component. Table 8.7 describes these qualities.

Table 8.7

Point quality indicators

Symbol

Quality

4]

Fixed Control (yellow)

3

Adjusted

4]

Control (blue)
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Table 8.7 Point quality indicators

Symbol Quality

ﬂ Survey

@ Mapping

Unknown
2]

—\Q/— Tip — The geoid indicator is used in the Properties window to show if the

= elevation or height was derived from a geoid. For example, if an RTK point
is measured, it will have a height on WGS-84 and an elevation derived
from the geoid. Conversely, if a terrestrial point is collected, it will have an
elevation and a WGS-84 height derived from the geoid. These indicators
are also used in the Point Derivation report and the Recompute report.

Viewing Observations
You can view the survey details of any observation type, such as:
*  GPS observations
»  Conventional observations
*  Level observations
e Laser rangefinder observations
*  Azimuth observations
*  Reduced observations

The following sections describe how to use the Properties window to
view the survey details for each observation type.
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GPS observations

Use the Properties window to view the details of any GPS observation
type such as RTK, Static, FastStatic and postprocessed kinematic
baselines.

To view the survey details of an observation:
1. Inthe Properties window, do one of the following:

—  From the Properties window selection list, select a GPS
observation.

— Inthe graphics window, select a GPS observation.

2. Tosdlect thetypes of survey details that you want to view, click
a page button.

Tip — To view an observation from or to a point, click the plus (+) icon
beside the point. Then, click the observation that you want to view.

The following Properties window shows atypical page selected for a
Real-Time Kinematic (RTK) GPS observation. The page buttons
shown are the same for all GPS observation types:

Il Properties (1 item selected) | x|

|Selec:li0n & AZ W Surwep |

I @ |Summary
o

Frarm: ITHS
To INaiI B gps
£ ||Time: [035ec from 17:48:25 29 Sep

Froceszor Tppe: IHTK
Field Method: [Tepa

Status: IEnabIed ﬂ
I W i M et Sdiistmert

A
£
_4A |
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Conventional observations

Use the Properties window to view the details of any terrestrial
observation measured in the field using a conventional instrument.

To view the survey details of an observation:
1. Inthe Properties window, do one of the following:

—  From the Properties window selection list, select a
conventional observation.

— Inthe graphics window, select a conventional observation.

2. Toselect the types of survey details that you want to view, click
a page button.

fo/— Tip — To view an observation from or to a point, click the plus (+) icon
= beside the point. Then, click the observation that you want to view.

The following Properties window shows atypical page selected for a
conventional observation:

I Properties {1 item selected) ;l il

|Selection = AZ T Survey |

. I @ |Surnrnary: 151
@ 2 5 Instiument point: |2
@ 1182 ——1| Inztument height; I'l B00m
% BS point: |'|
A ||FS point EZ
— |status [Enabled =l
¥ Use in network adjustrment

For more information about viewing other observation types, refer to
the Trimble Geomatics Office help or manuals.
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Exercise 5:

Trimble Geomatics Office organizes your datain projects. A project
usually covers one site and may contain several days' data collected

Create and configure a project

using different equipment.

When you create a project, you begin by choosing atemplate for it.
Thistemplate provides your project with the basic general information
necessary for setting it up; that is, the units, coordinate system, and

display settings.
To create a project:

1. Do one of thefollowing:

— Inthe standard toolbar, click the New Project | [ tool.

—  Select File/ New Project.

— Intheproject bar, click the New Project D shortcut.

The following dialog appears:

Mew Project

Mame:

K

IE:-:ampIe

Template:

Caticel

DT hdLink.
tetric
Roadlink 1
R oadlink 2

|J5Feet

Details:

Folder...

Pl g

A=Y
* Project
" Template

.

Project Folder:
Title:

Description:
Reference:

Figld surveyar:
Computer operator:

Ejinte:

CADATANT rimble Geomatics;
[$Project.M ame]
Sample data Template

il

f$Sustem.ID atel

2. Inthe Namefield, enter a name for the project.
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6.

In the Template list, select atemplate. This determines the
initial state of the project. The details of the selected template
aredisplayed in the details list.

In the New group, make sure that the Project option is selected.

If you want the project files stored in a particular folder (other
than that specified during installation), do the following:

a. Click Folder.

b.  Specify the appropriate folder and then click OK.
The folder name appearsin the Detailslist.

Click OK.

The project is created and the Project Properties dialog appears. The
settingsin this dialog are from the template selected for the project.

Changing the project properties

Use the tabs in the Project Properties dialog to change a project’s
properties, if necessary.

To access this dialog:

Select File/ Project Properties.
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The following dialog appears:
PojectProperties |
Features Feporting I Recompute
Praject Details Coordinate Systemn I Units and Farmat

I ame Va&e |

Title Example

Diezcription Sample data Template

Referance

Field surveyor

Computer operatar

Date 13/08/01

Wertical datum WalD-38

E quipment

Cancel | AppEy |

Table 8.8 describes the six tabs in the Project Properties dialog:
Table 8.8 Tabs in the Project Properties dialog

Tab Description

Project Details Use the Project Details tab to enter the project
information that you want included in reports and
plots.

Coordinate System  Use the Coordinate System tab to view the current
coordinate system and, if necessary, change the
coordinate system for the project.

Units and Format Use the Units and Format tab to set Trimble
Geomatics Office unit values for the current project.

Features Use the Features tab to specify the feature and
attribute settings for the Trimble Geomatics Office
project.
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Table 8.8 Tabs in the Project Properties dialog (Continued)

Tab Description

Reporting Use the Reporting tab to control how you are notified
when a system-generated report has been created.

Recompute Use the Recompute tab to specify how Trimble
Geomatics Office determines the calculated positions
for all points in the project.

For more information, refer to the Trimble Geomatics Office User
Guide.

Using Project Templates

To configure theinitial state of a project, you must select a project
template. To reduce thetime required to configure new projects, create
your own templates with the properties and data that are common to
al of your projects.

Selecting a template for a project

When you create a new project, you must select atemplate. Using
templatesin Trimble Geomatics Office is similar to using template
documents in Microsoft Word, or prototype drawingsin AutoCAD.
Trimble Geomatics Office templates are stored in

C:\Program Files\Trimble\Trimble Geomatics Office\Template.

When aproject is created, the whol e template—including the template
folders—is copied to the new project. For example, if an ASCII file
containing control points exists in the template Checkin folder, the
same fileis copied to the Checkin folder of the project. The template
you use staysthe same. That is, any edits made to the project are not
made to the template.
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Creating a template
To create a project template:

1. Select File/ New Project. The New Project dialog appears.

2. Inthe New group, select the Template option. Project Folder in
the Details list changes to Templates Folder, as shown below:
NewProiect |

[ |
Template: ﬂl
DTHLink Edlder. |
FoadLink 1
RoadLink 2
Sample data
USFest New
" Project
G L
Dretails:
Project Falder: C:%Prograr Files\T rirmble’T rirr =]
Title: [$Project. Mame]
Description: tetric Template
Reference:
Field surveyar: =
Coarnputer operatar:
Date: FSpstem.Date -
5 b [Swst I te] _'I_I
Enter a name for the new template.
Select an existing template on which to base the new one and
then click OK. The Project Properties dialog appears.

5. Usethetabsin the Project Properties dialog to edit the default
settings that trimble Geomatics Office uses when creating a
project based on the template.

6. Click OK. A message appears. It asksif you want to continue
editing the template.

7. Do one of the following:
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— To continue editing the template, click Yes. You can edit
the template using parts of trimble Geomatics Office other
than the Project Properties dialog, for example, to enter
common control points.

— Toclosethe template, click No.

Note — You do not have to manually save a template. All changesto a
template are automatically saved as they occur.

The new template appearsin the Templates list when you create a new
project. You can open atemplate in the same way that you would a
project.
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Exercise 6: Enter coordinates for a point

You can enter control coordinates for a point into Trimble Geomatics
Office by:

e importing a Trimble Survey Controller job with keyed-in
control coordinates entered in the field. For more information,
refer to the Trimble Survey Controller documentation.

* importing an ASCII file with control points. For more
information, refer to the Trimble Geomatics Office User Guide.

«  entering known coordinates for an existing point using the
Properties window or the Points dialog (if you have the
Network Adjustment module installed). For information on
using the Points dialog, refer to the Network Adjustment
module Help.

*  entering known coordinates for a new point using the Insert
Points dialog. For more information, refer to the Trimble
Geomatics Office User Guide.

Any coordinates entered receive an office-entered coordinate source.
Thisis shown in the Properties window.

Note — Each point in Trimble Geomatics Office can only have one
keyed-in WGS-84 coordinate and one keyed-in grid/local coordinate.

The following section describes how to use the Properties window to
enter known coordinates for an existing point.

Using the Properties window to enter coordinates for a
point

You can key in coordinates for a point using the Properties window.
However, only do this when you want the software to use your
keyed-in coordinate in preference to the coordinates derived from
observations. The keyed-in coordinate will have an office-entered
source.
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To key in coordinates using the Properties window:
1. Select the point that you want to add coordinates for.

2. To open the Properties window, select the Edit Properties €
toal.

3. To open the Summary page, click the Summary I page
button.

4. Select the Add coordinate & tool.

Select the coordinate type to be added from the drop-down list
(WGS-84, Grid or Local). You can only enter one grid/local and
one WGS-84 coordinate for each point, so if aWGS-84
coordinate already exists, then you cannot add another.

5. A keyed-in coordinate appears in the point tree, as shown

below:
Il Properties (1 item selected) | x|
|Se|ecti0n = Az W Suvey |
S 2 = I @ |Grid coordinate: Office entered ol X
o 51 Office entered

T101-2-1) Easting: [ T
T2(1-2-3) Morthing: I7— : |
T3 [1:2:1181) - ~ oo
T4 [1-21182] Elewvation: I ! |
T5(1-2-1183) Height: ? ? | -
TE[-21184) — Statuz Enabled j
T7 (1-2-1185) ) -
T8 [1-2-1186) Coordinate type: IGnd 'l
TS(1-2-1187) LI ' Grid " Local  WES84

6. Inthe coordinate fields, enter the known coordinates.

When you add a new coordinate, al of the fields are null (?).
Usethe Insert Current Value & | tool to enter the current point
position and quality. You must select each field before the Add
current value field is available.

7. To set the quality for the point, select the Quality Selector
Control tool and the coordinate(s) that you want to change.
Select the quality from the list.
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8. Usethe Coordinate Type option to store the data in the database
in the format specified. The software savesthe coordinate in the
coordinate view selected.

Note — You can only edit the coordinates in the display format that is
stored in the database.

Note — If you have a keyed-in grid coordinate and a keyed-in WGS-84
coordinate, you cannot save the keyed-in grid coordinate as a WGS-84
coordinate.

Changing the status of coordinates

To change the status of an underlying coordinate using the Properties
window, in a Coordinate page:

1. Inthe Statusfield, select the appropriate option. Do one of the
following:
— If you want the coordinate used to derive the position of the
point, select Enabled.

— If you do not want the coordinate used to derive the
position of the point, select Disabled.

— If you only want the coordinate used if there are no other
enabled observations or coordinates that can be used to
derive the position of the point, select Enabled as check.

2. Click OK.

The software performs a recomputation, and you can view the new
derived position for the point in the Summary page of the Properties
window.

Note — The Recompute report reports on coordinates enabled as
check, but not on disabled coordinates.
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CHAPTER

The Trimble Data Transfer
Utility

In this chapter:

Introduction

Using Data Transfer from Trimble Geomatics Office
Using the standalone Data Transfer utility

Setting up devices using the Data Transfer utility
Managing devices

Importing ASCII data files
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Introduction

]
71

Trimble Geomatics Office uses the Trimble Data Transfer utility to
transfer datato or from devices, such as.

e acontroller running Trimble Survey Controller
e asurvey datacard

* aTrimble GPS receiver

e aTrimbletotal station

* an SDR datarecorder

You can also use the Data Transfer utility as standal one software to
transfer data without using Trimble Geomatics Office.

To use the Data Transfer utility, you need the correct cables for
connecting your device to your computer. For information about the
cables you need, refer to the documentation for the device you are
using.

The following sections describe the basic functions of the Data
Transfer utility when accessed from Trimble Geomatics Office. For
more information, refer to the Data Transfer Help.

For information about using the Data Transfer utility to transfer files,
refer to the Trimble Survey Controller or Geomatics Office User
Guides.

Using Data Transfer from Trimble Geomatics Office

The Data Transfer utility starts whenever you use the Export or Import
dialogs to transfer filesto or from a Trimble device. For example, to
open the utility you can select the Feature and Attribute Library (* .fcl)
to Survey Controller option in the Export dialog.
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Using the Standalone Data Transfer Utility

You can use the Data Transfer utility as a standalone utility. Do one of
the following:

* Click #Rstart| and then select Programs/ Trimble Geomatics
Office/ Trimble Utilities/ Data Transfer.

*  When thereisno project open, select Utilities/ Data Transfer.

*  When thereis no project open, in the project bar, click the
Utilities group and then click the Data Transfer shortcut.

Thislets you transfer any file type to any device.

Setting up Devices Using the Data Transfer Utility

Before using Data Transfer to transfer files between Trimble
Geomatics Office and a device, you may need to set up adevice.

Devices are system wide—once you have set up adevice, itis
availablein all projects.

The following sections show you how to set up a Trimble Survey
Controller device, a GPS receiver device and a survey data card
device.

Setting up a Trimble Survey Controller device

Set up a Trimble Survey Controller device before transferring files to
or from Trimble Survey Controller. When you have added a Trimble
Survey Controller device, you can connect to Trimble Survey
Controller during import or export. Trimble Geomatics Office already
has a device for a Trimble Survey Controller defined. This section
shows how to create your own custom device if necessary.

To set up a Trimble Survey Controller device:
1. Do one of thefollowing:
—  Select the Export ﬂ tool.
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—  Select File/ Export.

—  Select thelmport | | tool.

—  Sdlect File/ Import.

The appropriate dialog appears.

In the Survey tab, select the Survey devices option.
3. Click OK. The Save As or Open dialog appears.

Save Az
Laak, i Ijﬁ Devices j 3*' IE ==
& DiNi Digital Level an COM 1 & Survey Controller on ActiveSync
& 3R00 Elta

1§ 5600 GOM on COM 1

&4 TDS Survey Pro CE on COM 1

& 105 Survey Pra CE on ActiveSync
Fa Survey Controller on COM 1

File: name: I
Files of bype: | j Cancel |
File format: I j

The Look in field is set to Devices. Previously created device
definitions appear in the window.

3@} Tip — In the project bar, click the Survey Device shortcut in the Trimble
= Survey, Import, or Export groups as a shortcut to the Open or Save As
dialog.

4. Do one of thefollowing:

— Right-click to access the shortcut menu, and then select
New.

—  Click the Create new device % button.
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The following dialog appears:

Select the type of device pou wish to create.

GPS Receiver [4000 Series)

GPS Receiver (5000 Senes)
Survey Controller

Survey Controller +1-3

Survey Data Card

TTS Family / SDR Data Recorder

)4 I Cancel |

Select the Survey Controller option and click OK. The Create
Remote Device dialog appears.

In the Port field, select the computer port that will be connected
to the Trimble Survey Controller and then click Next. The Enter
Device Name dialog appears.

In the Name field, enter a name for the new Trimble Survey
Controller device. Thisisthe name that appears in the Save As
dialog. For example, enter My Survey Controller.
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8. Click Finish. Thefollowing dialog appears:

Save As JE =
Look in: Ij‘* Devices j Q*l IE =
5% DiMi Digital Level an COM 1 & Survey Cortroller on ActiveSync
& 3600 Ela & by Survey Controller

1§ 5600 GOM on COM 1

47 TDS Survey Pro CF on COM 1

& 105 Survey Pro CE on ActiveSync
Fa Survey Controller on COM 1

File: name: I
Files of bype: | j Cancel |
File format: I j

It displays the new Trimble Survey Controller device.

The Trimble Survey Controller deviceis how set up. You can transfer
data between your computer and Trimble Survey Controller.

Setting up a GPS receiver device

Set up a GPS receiver device before transferring files from a GPS
receiver. Once you add a GPS receiver device, you can connect to a
GPS receiver device when you import.

To set up a GPS receiver device:
1. Do one of thefollowing:
—  Select the Import E tool.
—  Sdect File/ Import.
The Import dialog appears.

2. Inthe Survey tab, select the Qurvey devices option and click OK.
The Open dialog appears. The Look in field is set to Devices
and previously created devices appear in the window.
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3@} Tip — In the project bar, you can also click the Survey Device shortcut in

= the Trimble Survey or Import groups to display the Open dialog.

3.

Do one of the following:

— Right-click to access the shortcut menu, and select New.
—  Click the Create new device # button.

The Create New Device dialog appiears.

Select the GPS receiver (5000 Series) option and click OK. The
Create Remote Device dialog appears.

Note — You can only use the GPS Receiver 5000 option to
connect to a 5000 series receiver, that is, the 5800 or 5700. To
connect to a 4000 series receiver, use the GPS Receiver 4000
option.

In the Port field, select the computer port you use to connect to
your GPS receiver and then click Next. The Enter Device Name
dialog appears.

In the Name field, enter a name for the new GPS receiver
device. Thisisthe name that appears in the Save As dialog. For
example, enter My GPS receiver.
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7. Click Next. The following dialog appears:

Serial Port Properties

L

8. Select the appropriate serial port settings to allow your
computer to communicate with the GPS receiver and then click
Next. The Download Properties dialog appears.

9. Click Finish. The Open dialog appears. The new GPS receiver
device appears in the window.

The GPS receiver deviceis now set up. You can transfer data to your
computer from a GPS receiver.
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Exercise 7. Creating a device that uses Microsoft
ActiveSync

If your computer has Microsoft ActiveSync installed you can use it to
transfer datato or from Trimble Geomatics Office. Set up a survey
device using Microsoft ActiveSync before transferring files.

To do this using standalone Data Transfer Utility:
1. Start the Data Transfer Utility. The following dialog appears.

:F' Data Transfer =] =]

Device
’7 Survey Controller on COM1 mb:al IE [I]Eo Devices... |

Receive | Send I

Mot Connected

 Eiles to Receive

File: I Size I Data Type I Destination I d4d

Eemaye

Eenase il

LGk

Tiramsfenall

Settings... Help | LClose |
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2. Click the Devices button. The following dialog appears.

m | Location | Device Clazs
§ ey Controller on COM COm1 Survey Controller
COM2 Survey Controller
E=IGFS Receiver on COM1 COm1 GPS Receiver [4000 Series)
EEIGFS Recsiver on COM2 COM2 GPS Receiver [4000 Series)
i’ 5600 Series / GDM on COM 1 COm1 Trimble 5600 Series / GO M
i’ 5600 Series / GOM on COM 2 COm2 Trimble 5600 Series / GO M
U GPS Recyr-5000 Series: COM 1 COm1 GPS Receiver (5000 Series)
U GPS Recyr-5000 Series: COM 2 COM2 GPS Receiver (5000 Series)

Mew... | Welete | Eroperties... | Cloze I Help |

3. Click the New button. The Create New Device dialog appears.

Create Hew Device

Select the type of device you wizh to create.

GPS Receiver (4000 Seniez] ;l
GPS Receiver [3000 Series)

SDR Data Recorder

Survey Controller

Survey Controller [

Surve
Survey Controller +w1-3
Survey Data Card

Trimble 5600 Series / GDM -

ak. I Cancel
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Select the Survey Controller (ActiveSync) option and click OK.
The Enter Device Name dialog appears.

Enter Device Name

i

—

SC 10 with ActiveSync

In the Name field, enter a name for the new survey data card
device. Thisisthe name that appearsin the Save As dialog. For
example, enter SC 10 with ActiveSync.
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6. Click Finish. The Save As or Open dialog appears. The new
survey controller device appears in the window.

Devices H
Mame I Location I Device Class
f’ESurve_l,l Controller on COMT § Camt Survey Cortroller
& Survey Controller on COM2 COmM2 Survey Contraller
=1 GPS Receiver on COM1 COrA GFS Receiver (4000 Series)
= GPS Receiver on COMZ COm2 GFS Receiver (4000 Series)
3 5E00 Series / GOM on COM 1 Com1 Trimble 5600 Series / GDM
3 BE00 Series / GOM on COM 2 Com2 Trimble 5600 Series / GDM
U GPS Recyr-5000 Seres: COM 1 COmM1 GPS Receiver (5000 Senies)
U GPS Recwr-5000 Seres: COM 2 COm2 GPS Receiver (3000 Senies)
4 5T 10 with ActiveSyne Auctive Sync Survey Controller (ActiveSync)
Hew... | Welete | Eraperties.. | Cloze I Help |

The ActiveSync device is now set up. You can now transfer data
between your computer and a controller using Data Transfer and
ActiveSync

Managing Devices

You can create severa devicesif you have more than one connection
to the same device. For example, you can set up more than one
Trimble Survey Controller device.

Viewing the properties of a device
To view the properties of a device:

1. Accessthe Open or Save As dialogs. For information on how to
open these dialogs, see Setting up a Trimble Survey Controller
device, page 161.

2. Select the appropriate device.
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3. Right-click to access the shortcut menu, and select Properties.
The appropriate Properties dialog appears. If afield is
unavailable, that setting is not applicable for the device.

4. Edit the Properties dialog as required and click OK to apply
your changes. The Open or Save As dialog returns.

Deleting a device
To delete adevice at any time:

1. Accessthe Open or Save As dialogs. For information on how to
open these dialogs, see Setting up a Trimble Survey Controller
device, page 161.

2. Select the appropriate device and press (Delete).
The following message appears:
Are you sure you want to delete ‘<device name>'?

3. Do oneof thefollowing:

— To deletethe device, click Yes. The device is removed
from thelist in the dialog.

— To cancel the delete, click No. You are returned to the
dialog.

Importing ASCII data files

This section describes how to import an ASCI| fileinto a Trimble
Geomatics Office project.

You can import avariety of data file formats into Trimble Geomatics
Office, aswell as define your own custom ASCII formats to import.
For example, you may have a data file containing control points that
you want to import into Trimble Geomatics Office. If you have a data
file containing design points that you want to stake out using
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Trimble Survey Controller, you need to import the data file into your
Trimble Geomatics Office project, then transfer the pointsinaTrimble
Survey Controller (*.dc) file to Trimble Survey Controller.

Using drag-and-drop

You can use Windows Explorer and the Microsoft Windows
drag-and-drop functionality to import data files from afolder on your
computer into a project.

To do this;

1.  Open Windows Explorer. For more information, refer to your
Windows operating system documentation.

Locate the folder containing the file that you want to import.

3. Usethe right mouse button to drag the file onto the Trimble
Geomatics Office graphics window. The shortcut menu appears,
as shown below:

Third party data recorder files
Survey Controller fles [*.dz)
NHE file

Drefault

Catcel

4. Select the option that matches the file format that you are
importing. If the file format you require does not appear in the
list, then Trimble Geomatics Office does not recognize the file
format.

To import afile of thistype, do one of the following:
—  Define a custom import format.
— Useanimport filter.

The software imports the file. For more information, refer to the
Trimble Geomatics Office User Guide.
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Tip — If you use the left mouse button to drag-and-drop a file, Trimble
Geomatics Office uses the extension of the file to determine the file that
you are importing. If the file extension is used for more than one import
format, the software uses the default format. If you do not know what the
default format is, use the right mouse button and select the correct file
format.

Real-Time Kinematic Surveying 173



9  The Trimble Data Transfer Utility

Exercise 8: Create and import a PacSoft file containing
control points

To create a PacSoft file, open atext editor and key in information in
the following format:

Point Name,Northing,Easting,Elevation,Feature Code

a Control_txt - Hotepad _ O] x|
File Edit Seach Help

S8775,705876.100,288828 .210,16.885 ,CTRL ;I
S8776,704858_690,289145.920,16.185,CTRL
OLPU,784982.930,288964_370,15.676,CTRL

HAIL A,784817_.973,288886.641,16.772,CTRL

HAIL B,704850.607,288746.204,17 809 ,CTRL

To import adatafile to a project:
1. Do one of thefollowing:
—  Select File/ Import.

—  Click the Import | & |tool.
The Import dialog appears.
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2. Select the CAD / ASCII or Custom tab that contains the
appropriate import format, as shown below:

Import 7| x|

Survey CAD /A ASCH | Eustoml

AutoCAD file [ dwg, *.dxf] ;I
C&G standard format

CEG with no quotes

CrM COR and LEY files [*.corlew)

MMEA file Hew tormat,.
PacSoft format
SDRmap coordinates Edif farmmat..
TERR&AMODEL - P.MEZD - file [* pts]
TPLANE [LLHE] Dielete farmat
TRIMMAP Graphics File [*.taf]
WALD zoft format

Cancel

External...

Options...

PHLLLRE

H

Coordinate system for Import data:

ILIS State Plane 1983, California Zone 3 0403 Change... |

Quality far Import data: Survay quality j

3. Select thefile format that you want to import.

If the format does not contain coordinate system information,
click Change to select the coordinate system for the file to be
imported. You only need to use this option if you know that the
file you want to import isin a different coordinate system than
the project.

4. Inthe Quality for Import data field, select the point quality for
the pointsin thefile.

The quality that you select is assigned to both horizontal and
vertical components of the pointsin thefile. You can change the
quality of the coordinate components later using the Properties
window. For example, if the northings and eastings of pointsare
of control quality, but the elevations are not of control quality,
you can import the points as control quality, then use the
Properties window to change the elevation qualities.
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Do one of the following:

— If thefile contains control pointsfor your project, select the
Control option.

—  If thefile contains survey quality points (for example,
centimeter precision), but are not control, select the
Surveying option.

— If thefile contains mapping quality points (for example,
meter precision), select the Mapping option.

— If you do not know the quality of the points, select the
Unknown option.

5. Click OK. Thefallowing dialog appears:

Open 2] x|
Laok jn: Ia Checkin j gl E__éé

E Control bt

File: name: | Open I
Files of type:  [PacSoft format [~ v [~ Cancel |

6. Navigate to the folder where the file you want to import is
stored.

7. Select thefile and click Open.

The software imports the file to the Trimble Geomatics Office project.
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Exercise 9: Transfer files to Trimble Survey Controller
To transfer files to Trimble Survey Controller:
1. Do one of thefollowing:
—  Select the Export |& | tool.
—  Select File/ Export.
The following dialog appears:
Export 2] %]

Survey | CaD /4501 GIS | Custom|

-
Antenna details to Survey Contraller ;l
[rata Dictionary to Survey Controller [* ddf] Cancel |
Draturn grid to Survey Controller [*.cdg)
DT points to file [*.dts)
DTH paints to Sureey Contraller HEmiiamat.. |
Feature and Attribute Library to SDR33 file [*.2dr)
Feature and Attribute Library to Survey Controller [*.fcl) Edit Fermat... |
Geoid file to Survey Controller (*.ggf)
WG5S Blugbook Files Dielete fomat |
SDR files [* 2dr] —
Sokkia SDR data collector
STARNET 2D control points ﬂl
STAR*MET 3D control points .
STAR*NET observations Options... |
0 "
— Export
) Selestion

;I % Whole database

Coordinate aystem for Expart data: AZI St data

IUS State Plane 1983, California Zone 3 0403 Change... | I j

2. Inthe Survey tab, select Survey Devices option.
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3. Click Options. (This button is only available for some export
formats.) The following dialog appears:

4. Usethisdialog to configure the format of the .dc file to be
created and whether WGS-84 or Local grid coordinates areto
be exported.

Note — Trimble Survey Controller files have a .dc file extension.

5. When you have completed your settings, click OK to return to
the Export dialog.

178 Real-Time Kinematic Surveying



The Trimble Data Transfer Utility 9

6. Click OK. Thefollowing dialog appears:

Save As = E
Look in: Ij‘* Devices j Q*l IE =
5% DiMi Digital Level an COM 1 & Survey Controller on COM 1
& 3600 Ela & Survey Controller on ActiveSync

1§ 5600 GOM on COM 1

47 TDS Survey Pro CF on COM 1

& 105 Survey Pro CE on ActiveSync
Fa Ay Survey Controller

File: name: I
Files of bype: | j Cancel |
File format: I j

Once you have checked that Trimble Survey Controller is connected to
the correct COM port and isin the appropriate data transfer mode, you
can export the data.

To transfer the .dc file:
1. Inthe Open dialog, select a Trimble Survey Controller device.

2. Click Open. The following dialog appears as the computer
connects to Trimble Survey Controller:

Cotnecting to Survey Controller

&,

When the computer makes a connection, the Save As dialog
returns. The Look in field is set to the Trimble Survey Controller
device that you are connected to.
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3. The software displays all of the Trimble Survey Controller jobs
in the memory, as shown below:

Laak jn: Ié? Survey Data Card (4] ﬂ @ IE_ =
R
& job10

i job11

File: name: |ic-bUEI

Files of type: ISurvey Cantraller Files Cancel

=
=

File format: |DCFile w7.7

4. IntheFile namefield, enter aname for the new .dc file. The
default name comes from the Job name field specified in the
Data Collector Options dialog from Step 5, page 178.

5. Click Save to create the .dc file and transfer it to Trimble
Survey Controller.

The Sending dialog appears. It shows the progress of the transfer.
When the .dc file has transferred, you return to the graphics window.

The .dc fileisnow in Trimble Survey Controller.
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Section 1 — RTK System
Components Review

Questions
1.

What isthe easiest way to configure Trimble Survey Controller?

In Trimble Survey Controller, what parameters must be defined
before you start any project or job?

What is the easiest way to obtain information about Trimble
Survey Controller operations when you are in the field?

What is an excellent source of information for processesin
Trimble Geomatics Office?

Name two views in Trimble Geomatics Office.

In Trimble Geomatics Office, what is atemplate?

What menu options are used for bringing data into or out of
your project database in Trimble Geomatics Office?

What is the difference between Data Transfer and Import/
Export?

If Trimble Geomatics Office does not support your ASCII file
format, what |mport/Export option can you use to bring that
file's datainto your project?
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Answers

182

N

o g &~ w

Use Survey Syles, either Trimble's or your own.

Define amap projection, local or published, datum
transformation, horizontal and vertical adjustments, and geoid
model.

Use the Trimble Survey Controller Help.
Use the Help menu.
Plan and Survey view.

A template is a definable set of parameters that can be reused
when starting a new project. The parametersinclude: units and
format, coordinate system, and general settings.

Usethe Import or Export optionsto bring datainto or send it out
of your project database.

Data Transfer is used to transfer data from or to your Trimble
Survey Controller/PC card or receiver to your computer.
Import/Export allows you to do the same and import or export
data to or from your project database.

Use the Custom tab and generate your own import/export file
format.
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CHAPTER

Coordinate Systems and GPS
Site Calibration Theory

In this chapter:

Introduction

Session objectives

Site calibration overview
Datum transformation
The mapping projection
The horizontal adjustment
Geoid undulation models
The vertical adjustment
Review questions

Answers
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Introduction

This chapter provides an overview of GPS site calibration, including
discussions of datum transformations, map projections, horizontal and
vertical adjustments and geoidal undulation models. The goal of this
lesson is to outline the concepts critical to performing a GPS

site calibration.

Session Objectives
At the end of this session, you will be able to:

»  Define the following concepts:

Datum transformation
Map projection
Horizontal adjustment
Geoidal undulation model
Vertical adjustment

e Outline the procedures for a GPS site calibration.

Site Calibration Overview

The GPS site calibration process establishes the relationship between the WGS-84
positions determined by GPS observations and the local coordinates defined by alocal
map grid with elevations above sealevel. A local map grid can be a published one,
such asaUTM zone or a US State Plane Coordinate System.
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A local map grid may also
be an assumed local system GPS Site Calibration
defined by the user. This

type of grid can have an
arbitrary value for the “ -
Northing and Easting set at

the origin. For example, the
value for the origin could be

+Consists of a horizontal and/or vertical

adjustment
10’000 North and 501000 +Can be used to compute datum
East. transformations
The relationship between ©Trimble

WGS-84 and the local

coordinates is defined by a series of mathematical parameters.
Mathematical transformations and conversions are applied in order to
convert WGS-84 positions to grid coordinates.

Note — Before you proceed: In order to understand the GPSsite
calibration, you must be familiar with the ellipsoid, the geoid,
ellipsoid heights, orthometric heights (el evations), geoid height or
undulation, datum transformations, and mapping projections.
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The calibration process
comprises: Calibration Process
. A datum o Datum Transformation
. o Define Projection
transformation to o Horizontal Adjustment
convert the WGS-84 o Geoid Model (optional)
Iatltude, Iongltude, o Vertical Adjustment
and ellipsoidal height
to the latitude,
longitude, and
ellipsoidal height
relative to the local B Trimble
ellipsoid used in the
country where the survey work istaking place. Thisstep is
required when the local map grid is projected from an ellipsoid
other than WGS-84.
A map projection to project the local ellipsoid latitude and longitude
coordinates onto the local map grid as horthing and easting
coordinates.

* A horizontal adjustment of the projected grid coordinates to
best fit the local control values. This adjustment allows for any
local variations in the projection system that are not treated by
the datum transformation. These variations may include
orientation and scale.

e A geoidal undulation model (optional) to mathematically
mimic the true geoidal surface.

* A vertical adjustment to convert the heights referenced to the
local ellipsoid to elevations above sea level or to some vertical
datum.

We will examine each of the calibration steps listed above in greater
detail in the following sections.
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Datum Transformation
Simply stated, a datum

transformation is a set of Datum Transformation
mathematical parameters

that transform a point’s
coordinates defined on one “ Local

datum to the same point’s

coordinates defined on +Usually published parameters
another datum. The physical ’T";°Pbas'° types:
X «3 Parameter
point does not change or +7 Parameter
move. It isthe coordinates of
the point that will change @ Trimble

depending upon thedatumin
which the coordinates are expressed.

In real-time surveying, positions are determined with respect to the
WGS-84 datum. But, very often we work with coordinates that are
defined on a datum that may be quite different from the WGS-84
datum. The differences between the WGS-84 datum and the many
local and regional datums can be expressed in several ways. The major
differences are:

» thelocation of the origin of each datum and the size
e the shape of the ellipsoid with which each datum is defined

In order to work in local coordinates on local datums, you must
account for these differences by employing the use of adatum
transformation. There are numerous existing datum transformations.
They are published by various governments and agencies all over the
world for usein their respective regions. A datum transformation may
also be derived for an area by the user.

If there is an existing published datum transformation for the area
where you are working, it is best to use it rather than deriving one. If
you must derive a datum transformation, Trimble Geomatics Office
and the controller provide you with two options. They are the three-
and seven-parameter datum transformations.
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188

Three-parameter datum transformation

A three-parameter datum
transformation accounts for 3 vs. 7 Parameter
thedifferenceinthelocation
of the origins of two 3 Parameter 7 Parameter

datums. These differences .
areexpressed aslinear shifts /li‘
along the x-, y-, and z-axes /l4 P
of the 3D Cartesian

coordinate system of one

datum to the other. - -
Since the origin of the ®Trimble

WGS-84 3D Cartesian

coordinate system is at the earth’s center of mass, this coordinate
system can be an Earth Centered, Earth Fixed (ECEF) Cartesian
Coordinate System. This makes it convenient to display the shifts as

being from the origin of the WGS-84 ECEF coordinate system to the
origin of the local datum.

Seven-parameter datum transformation

A seven-parameter datum transformation accountsfor the differencein
the location and orientation of axes of two datums, and scale. These
differences are expressed as linear shifts along the x-, y-, and z-axes
along with rotations around the x-, y-, and z-axes. The scale factor
accounts for theratio of al distances from one datum to another
datum.

Asin the three-parameter transformation, the shifts are along the
WGS-84 x-, y-, and z-axes from WGS-84 origin to the local datum
origin. The rotations are determined by calculating the rotation in arc
seconds needed for each axis in the WGS-84 ECEF coordinate system
to correspond of each of the respective axes in the local Cartesian
coordinate system. The scale factor is displayed in parts per million
(ppm) from one datum to a second datum.
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Datum grid files

A datum grid file may be used to interpolate the coordinate value
between datum transformations for any horizontal point on agrid.
NADCON files are supported for usersin North America.

The Mapping Projection

Mapping projections are
used to represent positions
on the curved surface of the
earth as points on aflat
surface or plane. Mapping
projection surfaces used in
surveying are designed to
minimize the distortion that
can occur when acurved
surfaceis flattened.

Note— If you areusing a
local plane, use an

Plane Coordinate Systems
4

& Trimble

estimated el evation value that closely matches the true elevation of the
area. Thiswill minimize the distance corrections required due to the

elevation above sea level.

A map projection can be
described as a function that
creates a one-to-one
correspondence between
points related to the curved
ellipsoid and points on the
map projection. The
parameters defining the
relationship between
ellipsoidal coordinates and

Types of Plane Systems

Plane—1 Point of
(_/ Origin

[~ Ellipsoid

N_ Ellipsoid Ellipsoid ——" _ )
Intersecting Cone Intersecting Cylinder
Transverse Mercator
Lambert
@irimble
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grid coordinates will include, the latitude and longitude of the origin,
the northing and easting at the origin, and scale, among other things.

Some of the most common map projections in the world make use of
aconic or acylindrical shape to develop into conformal mapping
surfaces.

There are many existing mapping projections published by the various
countries and states throughout the world. For example, in the United
States, each state has its own mapping projection.

You may also create localized mapping projections using assumed
grid coordinates. For example, atangent plane projection is avery
simple mapping projection requiring only the latitude and longitude
and ellipsoid height of the origin, along with corresponding grid
coordinates at the origin. A rotation and scale may aso be defined for
the projection.

The Horizontal Adjustment

190

After the WGS-84 positions have been transformed and projected as
described above, there may still exist some inconsistencies between
the grid coordinates produced from the GPS measurements and the
grid coordinates that are accepted as true values for the respective
points.

To resolve these inconsistencies a horizontal adjustment can be
applied to the GPS grid coordinates. The best adjustment of survey
data employs the principle of least squares.
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The horizontal adjustment is
an unweighted least squares
best fit of the coordinatesfor
the points determined by
GPS to the coordinates of
the points accepted as true.
In the calibration, agrid
coordinate obtained from
GPS measurementsispaired
to acontrol grid coordinate
for each calibration point.

The result of the least

Calibration Process

= Datum Transformation
= Define Projection
o Horizontal Adjustment
+Rotation
« Translation
+Scale

& Trimble

squares best fit isasingle set of parameters that describe how to make
the GPS derived coordinates fit, as closely as possible, to the control
coordinates. The parameters are:

e Rotation of the GPS coordinates around the project centroid.
e Trandation of the GPS coordinates in the north () and east (+)

directions.

e Scalefactor for the GPS coordinates to make them fit the
control coordinates as closely as possible.

These parameters are derived simultaneously during the horizontal
adjustment portion of the GPS site calibration.

To perform the horizontal
adjustment, at least three
control points are needed.
Each of these points must be
observed with GPS as well
as possess control
coordinate values. Three
points are required for the
horizontal adjustment
because it takes two points
to derive the adjustment
parameters and one

Horizontal Adjustment

+At least 3 horizontal control points are
required

+5 points are recommended

@ Trimble
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additional point to provide a check on the fit obtained from those
parameters. This check appears as residuals for each point in the
calibration.

/Q\ Tip — Trimble recommends that you use more than the minimum number
of control points in a GPS site calibration, and also use control
coordinates that originated from the same control adjustment. This
ensures that datum and adjustment differences do not introduce
significant error into the site calibration.

The parameters resulting

from the horizontal Rotation
adjustment are described
below.

All of the horizontal points
in the calibration are used to
calculate a centroid
(geographic center) about
which arotation of the GPS
grid coordinatesis applied.
All of the observed GPS

points in the project, even

those not used in the calibration, will be rotated by the same angular
amount. A minimum of two horizontal calibration point pairs are
required to calculate a rotation parameter.
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A trandlation moves al of
the observed GPS
coordinates in the same
direction and by the same
distance, so that they lie
closer to the control
coordinates. Thetrandation
parameter will be applied to
al of the observed GPS
(WGS-84) positionsin the
project. A trandation
parameter will be calculated
with asfew asone

Translation

©Trimble

horizontal point pair used in the calibration.

A scale factor is determined
using aratio of thetrue
distances, calculated
between horizontal control
coordinates, and the
distances cal cul ated between
the GPS grid positions for
the same points. Thisratio of
these two distances is the
scale factor. The scale factor
isapplied to all of the GPS
coordinates to obtain the

Scale

@Trimble

best possible fit to the control coordinates. At least two point pairs
must be used in the calibration to calculate a scale factor.

Real-Time Kinematic Surveying
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After the best fit is obtained
and the GPS points are Horizontal Residuals
moved using the single set of
parameters, there are till
minor discrepancies between
the GPS derived coordinates
and the control coordinates.
These discrepancies are
called horizontal residuals.
They should be relatively
small. They are used to
determine the quality of fit
that results from the least squares adjustment.

& Trimble

If the quality of the control coordinates was uniform and the GPS
observations were all performed in the same way, then the residuals
should al be roughly the same size.

Note — The site calibration is performed to obtain the parameters that
allow conversions from the local coordinate systemto WGS-84
coordinates and back again. The final coordinate values for the
GPS-derived observations of the control marks are used to generate
residuals. The GPSderived control coordinates will not be used
because known control values already exist for those points.

As part of any proper least squares adjustment, information for
analyzing the resultsis produced as output. After the calibration is
computed, areport can be generated. The report will indicate the point
having the largest horizontal residual and the root mean square (RMS)
of the residuals used in the site calibration network. Thisis very
helpful in deciding whether the site calibration is satisfactory or not.

More details about the calibration report can be found in the examples
of calibrations in the following chapters.

Real-Time Kinematic Surveying
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Geoid Undulation Models

Thegeoidisan equipotential
gravity surface for the earth The Geoid
which, on average, coincides
with mean sealevel in the
open oceans. It isinfluenced
by large masses on, or
beneath, the Earth’s surface.
The effect of these massesis

€ = Orthometric Height

to warp the shape of the - Slipsid oigh
geoid. This uneven shapeis e=h-N
called geoid undulation. 2 Trimble

Because of the irregularity
of the earth’s surface, the éllipsoid is not always beneath the earth’'s
surface.

Orthometric heights (el evations) (e) relate the geoid to the surface of
the Earth. These heights are commonly referred to as heights above
sealevel.

Geoid separations (N) relate the geoid to areference elipsoid, for
example, the WGS-84 llipsoid.

The basic relationship that exists between these quantitiesis:
e=h-—N
Where:
e e=orthometric height (from levels or other sources)
* N = geoid separation (from geoid model, if available)
 h=dlipsoidal height (from GPS)
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Geodesists try to model the
geoid by estimating the
amount of separation
between the geoid and

The Geoid Model

+A gridded surface that approximates the geoid

. K K +Some popular geoid models:
ali pSO|d at par“CUIar EGM 96 (Global)
locations. This separation Geoid 96 (USA)

goes by several hames:
geoid separation, geoid
undulation, and geoid
height. (Geoid height is
very misleading. The geoid
height isNOT a height
above the geoid, rather it is

& Trimble

the distance from the ellipsoid to the geoid.)

EGM96 (Global) and Geoid99 (Conus) are geoid models designed for
the world and North America, respectively. Each model consists of a
grid and an interpolation scheme. They provide us with an estimate for
the separation, called N,,,, between the two reference surfaces when
given aparticular |atitude and longitude.

The Vertical Adjustment

196

The vertical adjustment is
the last part of the
calibration to be computed.
This part of the calibration
is where the orthometric
elevations for al of the
points are made to agree, as
closely as possible, with the
control benchmark
elevations. If no geoid
model is provided, then the

Real-Time Kinematic Surveying

Vertical Adjustment

+At least 4 vertical control points are required
+5 points are recommended

W
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undulation of the geoid with respect to the ellipsoid must be resolved.
Thiswill produce asimple planar geoid model for the project area.

The source of the control elevation values could be from benchmarks
established and published by a government agency, or they could be
established by the user from differential leveling or precise
trigonometric leveling.

For the vertical adjustment:
»  Threefixed points uniquely define an inclined plane.

»  Four fixed points uniquely define an inclined plane with
measurable residuals.

Note — Calibrating to only one known vertical point will maintain the
shape of the geoid model, resulting in a vertical shift in the model’s
position. Using two or more calibrated points resultsin a slope or
plane computed by the observed points, rather than the undulating
geoid model.

Tip — If necessary, you can complete a survey which relies solely on the
geoid model. However, if you do so, you should always check at least two
known elevations to confirm that the geoid model truly fits your survey site.
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The vertical adjustment with no geoid model

When no geoid model is
present, the vertical Vert. Adj. (No Geoid Model)
adjustment providesasimple | o —H.N -
planar geoid model using a E E
least squares best fit of the
geoid separations (N) that are
calculated using the known
orthometric elevations on the
benchmarks (€) and the

elli pSOI d hei ghtS (H) Inclined Plane
obtained for the benchmarks | @mimble Ne=estimated geoid height

using GPS.

Theresult of the least squares
best fit isan inclined plane
that approximates the geoid.

At each calibration
benchmark, the difference
between the calculated geoid
separation and the
approximate value derived
from the inclined plane can
be calculated. These
differences are called
residuals. Contrast these
residuals to those cal culated using a known geoid model.

Vertical Residuals

As part of any proper least squares adjustment, information for
analyzing the results is produced as output. After the calibration is
computed, you can generate areport that indicates the point having the
largest vertical error and the RM S of al theresidualsin the site
calibration network. Thisis very helpful in deciding whether the
calibration is satisfactory or not.
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The vertical adjustment with a geoid model

Note — You do not have to reference to the Geoid as your vertical
datum. The height adjustment can be made to any vertical datum.

As shown in the slide, the

gridded geoid model may not Vert. Adj. (w/ Geoid Model)
accurately describe the true Earths Surface

geoid undulation in the '\-\
project area. There will be " H

small differences between “ﬁ “1\ e "

the geoid shape described by -
the benchmarks and the ,

modeled geoid.

Geoid Model

N,,, = modeled geoid height
2 Trimble

For each of the vertical site
calibration points, the Modeling Errors
observed ellipsoid height (N)
and the orthometric elevation
(e) can be used to calculate a
value for the geoid
separation. This calculated
valuefor N can then be
compared to the Nm value,
obtained from the geoid
model. The comparison
provides a AN value for each
calibration benchmark

& Trimble
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These AN values can be used
in aleast squares best fit to
provide correctionsto the
separations provided by the
geoid model (N,). Thisis
accomplished by making a
plot of the AN’s positioned at
each benchmark northing
and easting. An inclined
planeisfit to the AN values.
The plane will not fit
perfectly through al of the

Inclined Plane

Ellipsoid

Geoid Model

Residual

R Inclined Plane
=z t
<

@ Trimble

AN values. Differences between the plane and each AN isthe vertical
residual for that point. Vertical residuals will be computed for each

calibration benchmark.

Theinclined plane provides
geoid model correction
values (N¢) for al of the
points that are not
calibration benchmarks. The
correction at each point (N¢)
is subtracted from the
separation obtained from the
geoid model (N,,,) to
produce a better estimate for
the orthometric elevation

(ep).

Vert. Adj. (Ww/ Geoid Model)

Earth’s Surface

Geoid Model
Inclined Plane

z A
“&Trimble N = Geoid Model Correction

Elevations are calculated for these points using the adjusted
separations and observed dlipsoid heights from RTK. The results are
elevations for the survey points that agree with the local controlling

benchmarks.
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Figure 10.1 shows the calibration process.

Input GPS Measurements >—| WGS-84 LLH
User-supplied
Datum transformation

Local ellipsoid (intermediate)
L'L'H

User-supplied

Map projection
Unadjusted grid

NEH

User-supplied
Control (N E)control
Calculate

Horizontal adjustment
(N E)control and N E

User-supplied
map projection
Output

Local ellipsoid
L'L'H

Adjusted grid
N E'H'

User-supplied
Control (h)control

YES

Geoid Model?2

User-supplied
Geoid model
hgeoid |

Calculate
Vertical adjustment
(h)control and hgeoid

Calculate
Vertical adjustment
(h)control and H'

@} grid coordinates (N' E' E)

Figure 10.1 Calibration calculation process
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When to calibrate

For a GPS survey or a survey that combines GPS measurements and
conventional measurementswith local control points, always complete
a calibration before staking out any points, or computing offset or
intersection points.

For asurvey that uses conventional measurements only, no calibration
isrequired.

Notes and recommendations

You can perform a calibration using one of the real-time GPS
Survey Stylesin Trimble Survey Controller. Do a manual
calibration, or let Trimble Survey Controller do it automatically.
If al the points have been measured, thereis no need to connect
the controller to areceiver during a manual calibration.

Multiple calibrations can be performed in one job. The last
calibration performed and applied is used to convert the
coordinates of al previously surveyed pointsin the database.

You can use up to 20 points for a calibration. Trimble strongly
recommends a minimum of four 3D local grid coordinates (N,
E, E) and four observed WGS-84 coordinates, with the local
projection and datum transformation parameters (the coordinate
system). This should provide adequate redundancy.

Note — You can use a combination of 1D, 2D, and 3D local grid
coordinates. If no projection and no datum transformation are
defined, you must have at least one 2D grid point.

Note — If the coordinate system is not specified, Trimble Survey
Controller calculates a Transverse Mercator projection and a
three-parameter datum transformation.

Use Trimble Geomatics Office, Data Transfer, GPSurvey, or
ASCII transfer to transfer control points.
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When naming points, use different namesfor Grid and WGS-84
coordinates, for example, Grid 100 for a Grid point and WGS

100_GPSfor aWGS-84 point. For moreinformation about data
search rules, refer to the Trimble Survey Controller User Guide

The set of WGS-84 coordinates must be independent of the set
of grid coordinates.

You select the grid coordinates. Select the vertical coordinates
(Elevation), the horizontal coordinates (Northing and Easting
values), or al of these together.

Place the calibration points around the perimeter of the site. Do
not survey outside of the area enclosed by the calibration points,
asthe calibration is not valid beyond this perimeter.

The origin of the horizontal adjustment in a calibration isthe
centroid of the measured calibration points. The origin of the
vertical adjustment isthefirst point in the calibration that has an
elevation.

When reviewing a calibration point in the database, notice that
the WGS-84 values are the measured coordinates. The grid
values are derived from these, using the current calibration.

The original keyed-in coordinates remain unchanged. (They are
stored elsewhere in the database as a point with the Type field
showing Keyed in coordinates and the Stored as field showing
Grid.)

When you are calibrating a no projection, no datum job, (where
Ground coordinates are required after calibration) you must
define the reference el evation (average site elevation). When the
jobis calibrated, the reference elevation is used to compute the
scale factor for the projection, using the inverse of the ellipsoid
correction.

When Grid coordinates are specified, the scale factor in the
projection is set to one after a site calibration.

When you are calibrating a Scale-only job, the scale factor
specified in the Scale-only job is used as the scale factor in the
projection after calibration.
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1

10.

11.

12.

What is the purpose of the GPS Site Calibration process?
What are the five steps in the site calibration process?
What datais required to perform a GPS Site Calibration?
What does a Datum Transformation accomplish?

What three parameters are defined in the Horizontal
Adjustment?

What term defines the difference between the known coordinate
and the computed coordinate of a point, once the horizontal
parameters have been applied to the measurement?

Isit necessary to use ageoid model in the GPS Site Calibration?

What is the minimum number of horizontal and vertical control
points required to perform a good calibration?

When selecting control for your calibration, what two
constraints should you keep in mind?

What naming convention could you use during a site
calibration?

What are the three main components of site calibration?

What are the four summaries you can review after you compute
a GPS site cadlibration?
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13. How do you obtain more details about your site calibration
results?

14. If the calibrated site is acceptable, and you wish to use it for
several different projects, what is an efficient method for saving
the site calibration?

15. When should you fix your horizontal scale factor to 1.0 during
the site calibration?
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1.

© © N o

10.

11.

12.

You are determining the parameters necessary to relate
measurements made on the WGS-84 datum to local coordinates
defined by a map projection and elevations related to some
vertical datum.

The five stepsin the calibration process are: Datum
Transformation, Define Projection, Horizontal Adjustment,
Geoid Model and Vertical Adjustment

To perform a GPS Site Calibration, you must have known
control pointsin your local coordinate system and
measurements of those control pointsin WGS-84

A Datum Transformation is the parameters and mathematical
computations required to translate coordinates on one datum to
another datum. These parameters are normally defined and
published.

The three parameters defined in the horizontal adjustment are:
Rotation, Tranglation, and Scale factor of the local coordinate
system anomalies.

The term isresidual (horizontal).
No, the vertical adjustment can be made on any vertical datum.
The minimum number is: three horizontal and four vertical.

Your control encloses the project area, and you must maintain
good network geometry (horizontal and vertical spread
throughout your project, and vertical not in aline).

Placing a prefix, such as G, before the original grid name of the
observed GPS positions

Datum transformation, horizontal adjustment, and vertical
adjustment.

Horizontal adjustment scal e factor, maximum vertical
adjustment inclination, maximum horizontal residual, and
maximum vertical residual.
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13.
14.

15.

Select Report.

You can save the calibration as a site. When you start a new
project, you can use that site to quickly configure your
coordinate system.

To check how robust your GPS distances are.

Real-Time Kinematic Surveying
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In this chapter:
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Feature codes and attributes
Topographic surveying overview
Collecting a code and attribute in the field
Types of feature codes and attributes
Feature code list and data dictionary
Default feature code list

Review questions
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Introduction

This chapter describes how to extend and improve your field data
collection by incorporating feature codes and attributes. It outlines the
procedures required to create and export afeature and attribute library,
aswell asthe procedureto review and utilize the exported feature code
list and data dictionary in Trimble Survey Controller.

A default Feature Code list isincluded on page 230.

Session Objectives

At the end of this session, you will know:
*  Thetypes of feature codes and attributes
»  Topographic surveying fundamentals
»  The methods of feature code collection
e How to create and export a feature code list

e How to process feature codes

Feature Codes and Attributes

210

Survey Controller allows you to assign feature codes to the points you
are collecting, along with attributes that define the characteristics of
the point.

A feature code:

e isanaphanumeric code that describes the point you
are collecting.

e canbe used to automatically generate plans.
An attribute:

»  describes the characteristics of a point you are collecting.
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e can bethought of as questions about a feature that you want
answered during data collection. For example, Surface Type
would be the appropriate attribute for the question, “What is the
surface of the road?’

» hasassigned values which can be thought of as answersto the
question about the feature. For example, attribute values for a
Surface Type attribute include dirt, gravel and asphalt. When
collecting a feature, enter the appropriate attribute value.

Topographic Surveying Overview

Many points can be
observed in ashort period of Topographic Survey
time. These data can be used
for:

e Engineering design
work

e Ashbhuilt surveys

* Digital Terrain
Models (DTMs)

e Triangulatedlrregular
Networks (TINS)

e Geographic Information System (GIS) data collection

& Trimble
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Collecting a Code and Attribute in the Field

212

A Feature Code and
Attribute may be
entered from any
Measurement screen,
as the Topo point with
code 9B, showsinthe
following screen:

You can extend the
usefulness of GPS
positioning by

attaching a feature
code, attribute, and

=4 Measure points _________[FEfIIRE
Paint name: Code: —
[ptoo1 ] lav [»] |00
gr b
Method: ="
Topo point ﬁ E
Antenna height {Uncor): F oom
[Z.000m| » M
Map
Measured to:
[Bottom of antenna mount] v | Menu
Time so Far: Time ko go: Fawarites
Omés Om0s Switch to
RTK:Fizxed H:0.005m ¥:0.009m
Esc ) Store
Options | i |

attribute value to describe the nature of points observed in the field.

«  Each code is attached to a point to represent afeature you wish
to measure in the field.

* By sdecting you can add point attributes (as established
by afeature and attribute library or adata dictionary currently
loaded into the controller).

e Codes can be alpha, numeric, or alphanumeric.

e Trimble Geomatics Office processes feature codes using an
appropriate Library.

Note — Feature Codes can be stored in the controller and can be
exported through Trimble Geomatics Office to a third-party software

package for further use.
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Telephone pole example

Feature codes and attributes
can be used to describe the Feature Codes
points observed in the field,
as described below:

You can locate a
telephone pole with
the GPS rover, and
enter a Feature Code
(suchasTP) to
represent atelephone
pole. Additional
attribute information
or notes about the pole can aso be stored in the .dc file.

When the code TP is processed in Trimble Geomatics Office
software, the code from the field observation is matched with a
processor code of the same name. The symbol for the telephone
pole ([0) is then displayed in the Trimble Geomatics Office DB
at the exact recorded position.

After processing, all stored features with the same feature code
name display the same symbol.

The attribute information is stored as arecord in the .dc file. To
access to the attribute information in Trimble Geomatics Office:

Use the mouse or selection options to select any point.
Then select the point Properties dialog and edit the CAD tab.

For more information on features, attributes, and data dictionaries,
refer to the Trimble Geomatics Office User Guide.

In Trimble Geomatics Office, atable of processor codesis called a
Feature Code Library. Use thisto produce a Feature Code List in the
controller.
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Note — If you do not have any points in the database that contain
feature codes, you can change the feature and attribute library
associated with the project. However, once you import a controller file
containing features and attributes, or add a feature using the
Properties dialog in the Trimble Geomatics Office, the feature and
attribute library associated with the project becomes fixed, and you
cannot change feature and attribute libraries for that project. This
ensures that you have consistent feature and attribute data throughout
the project.

Types of Feature Codes and Attributes
There are three basic types of feature codes:
* Point
»  Control
»  Control with Parameters
There are also three types of attributes:
e Menu
*  Text/Numeric
o Date/Time
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Point code

A Point Code represents a
single point feature and
displays a singular feature
symbol or line style to
represent it—asin the
previous example of a
telephone pole.

Point Codos g

& Trimble

\Q} Tip — You can efficiently manage points by distributing codes into
= predefined layers.

Control code

A Control Code usesthe
flow of data storage of point Control Codes
names. The processor
searches for the previous
numerical point name that
has the same Feature Code
and joins the two or more
points with aline.

The exampleindicates a
curb’s curved line, using the
control codes CURB ST,
CURB STCV, CURB
ENDCV, and CURB.

& Trimble
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{Q} Tip — To meet your requirements, you can customize control codes for the
= description of curved roadways to meet your requirements. For example,
use PT for point of tangent and PC for point of curvature on a curve.

Control code with parameters

A Control Code with
Parametersisamore Control Codes w/Parameters
advanced Control code. It

allowsyoutojoin linework

to points across pathways
that you do not physically
cross during the data J 2~

collection. Or, it alowsyou
toincreasethe size of a Tree, Sze20 Tree, 52650
feature so that, after
processing, it displays more
to the true scale of the
object.

& Trimble

The exampleillustrates the true size of atree (to better represent the
symbol on the map or plan), after the control code with parameters has
been processed in the office.

{Q} Tip — For more information on feature coding and creating feature code
libraries, consult the Help information in Trimble Geomatics Office.

Attribute values

When collecting datain the field, each set of attribute values may be
characterized by one of the following on-screen formats:

e Menu Attributes — a predefined list consisting of the possible
attribute values from which you choose. If you do not select a
value, the default is entered automatically.
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Text and Numeric Attributes — a text-entry field into which you
can type the attribute value. For anumeric attribute, you enter
anumber.

If you do not enter avalue, the default value is entered
automatically.

Date and Time Attributes — atext-entry field with Today
(for dates) and Now (for times) already entered.

— If you accept Today, the current date is entered.
— If you accept Now, the current timeis entered.
If appropriate, you can manually enter date and time attributes.

File Name Attributes — atext-entry field. This attribute allows
you to input adirectory and filename of agraphicfile, suchasa
bitmap, for reference.

Methods of feature code collection

There are two basic methods for collecting data using feature codes:

Linear

Cross-sectional

You can use either method, or a combination of both, but be aware of
your point number generation order, especially when collecting line
features.
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Linear method

Consider using alinear
method of data collection
when:

Linear M_‘ei\%*.

e thescale of your topo
survey islarge

e youarecollectinga
number of features
with the same code

» for safety reasons

Cross-sectional method

Consider using a
cross-sectional method of
data collection when
collecting:

» alarge number of
features

e road-design survey
data.

& Trimble
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Feature Code List and Data Dictionary

The following sections give a description of the feature code list and
data dictionary.

What is a feature code list?

A feature code list is derived from the feature and attribute library
created in Trimble Geomatics Office software. The feature code list is
the alphanumeric code descriptors transferred from Trimble
Geomatics Office to the controller, using the Data Transfer program.

Thelist can be transferred to your controller to reduce the amount of
typing required in the field.

A feature code list can also be created in the field by entering and
editing the codes in the controller.

{Q} Tip — The feature code processing in Trimble Geomatics Office works

properly only if the feature codes used in the field exactly match with the
feature codes in Trimble Geomatics Office. Using a feature code list
standardizes the use of these codes.

What is a data dictionary?
A datadictionary:

» definesthe types of features that you can capture in the field,
along with attributes relevant to a particular project or job. Itis
used in the field to control the capture of features (objects) and
attributes (information about those objects).

e includesalist of features that are captured in the field and, for
each feature, alist of attributes that describe the feature.

e iscreated according to your intended applications. Since
different users have differing collection requirements, each user
or group of users can design data dictionaries to suit their needs.

Note — Data dictionaries are used for GlSdata collection. A feature
and attribute library (feature code list) is synonymous with data
dictionary.
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Exercise 10: Creating the Feature Codes with Attributes

The following exercise shows how to create afeature code called
Lamp Post. This example also shows how to assign attribute
definitions to a feature.

Note — You can also edit the properties of an existing library which
already contains codes and attributes.

To create the lamp post feature code:

1. To accessthe Feature and Attribute Editor, click .

2.  Select Programs/ Trimble Geomatics Office / Trimble Utilities,
or click C;D Feature and Attribute Editar -

3. Todisplay the default library, select File / Open.

4. Select and open the default library.

5. To build anew feature code with attributes, select Edit / New.
To define your feature code, from the New Feature Code properties:

1. Inthe Feature Code field, enter LP2 for alamp post.

Thiswill be exported to the controller as part of the feature code
list.

2. Inthe Description field, enter the full description of the feature:
Lamp Post 2.

3. Click the Point tab.

This is where you define how points with a code of Lamp Post
display in the Plan View of Trimble Geomatics Office.

4. Highlight the point style you want to use (in this case, Lamp
Post).
The symbol on which the style is based appears. In the Layer field,
[Default layer] is selected automatically.

If you want to put all Lamp Post points into a particular layer, select
that layer. Thisisuseful if you are handling large amounts of data that
you want to display in different views.
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Enter the layer or select from the list.
Use the Annotation field, to select an annotation style.

We will not usethisfield. However, if an annotation style exists,
all points coded with Lamp Post 2 are annotated according to
the defined style.

Note— To learn more about how to create annotation styles, use
the Feature and Attribute Editor / Help topics.

Definealine. In this case, focus only on lamp posts and select:
No line style.

Linework could be used to connect all of the lamp posts
together with aline.

Tip — You may create your own symbols and line work using $#l Sumbol Editar
and ' #f Line TypeEditor icons from the Trimble utilities programs.

Now work with the Attributes tab to define a set of attributes for the
Lamp Post 2 feature code.

1

Click New.
The New Attribute dial og appears.

Define a numeric attribute named age for the feature code
Lamp Post.

a.  Inthe Namefield, enter Age.
b. Select the Numeric option.
c. Click OK.

The attribute details appear. The items that display in the
Attribute Properties group depend upon the currently
highlighted attribute type.

For this example, enter these Field Values:

a Minimum1l

b. Maximum50
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c. Decimal PlacesO
d. Default5
e. Field Entry Required

Field Entry is available for al attribute types. This setting is
used during entry of attribute datain Survey Controller.

3. Click OK.

The feature code Lamp Post 2 now appears when you select the
Feature Codes tab.

Note — At this point, we have created a feature code and assigned
attributes. As a feature and attribute library, only the feature code and
attributes can be assigned to the position in the field. All the other
parameters such as point styles, line styles, annotation styles, and
layers are resident only in Trimble Geomatics Office.

Save the feature and attribute library:
1. From the menu bar, select File/ Save.

2. IntheFile namefield, enter aname for your feature and
attribute library.

The default file extensionis .fcl.
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Exercise 11: Exporting a Feature and Attribute Library

To use a Feature and Attribute Library (*.fcl) filein thefield, you must
export it from within a Trimble Geomatics Office project to a
controller running Trimble Survey Controller. You can use afeature
and attribute library to select feature codes for points and to store
attribute definitions.

Before you transfer the library:

1
2.

8.

In the Export dialog, select the Survey tab.

Select the Feature and Attribute Library to Survey Controller
(*.fcl) option.

Click Options. The Feature and Attribute Library Options
dialog appears.

In the Veersion field, select the Trimble Survey Controller
version that you are exporting to and then click OK to return to
the Export dialog.

Click OK. The Select feature and attribute library dialog
appears.

In the Filefield, select the library you want to export:
—  Click Browse to navigate to the library.
Do one of the following:

—  If you want to export attribute definitions in the library,
select the Export Attributes check box.

— If you do not want to export attribute definitions, clear this
check box.

Click OK.

The Data Transfer Save As dialog appears.

Once you have checked that Trimble Survey Controller is connected to
the correct COM port and isin the appropriate data transfer mode, you
can export the data.
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To transfer the feature and attribute library:

1

In the Save As dialog, select a survey controller device. Make
surethat it is the same version that is specified in the Feature
and Attribute Library Options dialog (see Step 4).

Click Open. The Connecting dialog appears as the computer
connects to Trimble Survey Controller.

When a connection is established, the Save As dialog returns.
The Look in field is set to the survey controller device that you
are connected to

In the File namefield, the library description of the library
appears. (Thisisthe library name unless you have edited it in
the Feature and Attribute Editor utility.) You cannot change the
name.

Click Save to transfer the library. The Sending dialog appears.
It shows the progress of the transfer.

When the feature and attribute library file has transferred, you return
to the graphics window.

The Feature and Attribute Library fileis now in Trimble Survey
Controller. Any control codes defined in the feature and attribute
library are aso transferred. For more information, refer to the Trimble
Survey Controller documentation.
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Exercise 12: Viewing the Feature and Attribute Library
in the controller

After transferring afeature and attribute library to the controller, check
that the contents of the file have been transferred correctly.

1. Tap to switch to the Trimble Survey Controller main
menul.

2. Select % and then Feature and attribute libraries.
3. Verify that your library (list) has been loaded.

Note — You can access the feature and attribute library once you have
started a job and you are collecting your first point. When the Code
field of the Survey / Measure points screen is highlighted, tap » | to
select the feature code list or data dictionary to be used in your survey.
Alternatively, when you set up a new job, choose a feature and
attribute library from the New job screen.
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Exercise 13: Feature Code Processing

Create a new project using the sample data template:

1.

5.

Do one of the following:

—  Select File/ New Project.

— Inthe standard toolbar, select the New Project E tool.
— Inthe project bar, click the New Project ﬂ shortcut.
In the Name field, enter a name for the project.

From the Template list, select the Sample Data option.

In the New group, make sure that the Project option is selected
and then click OK.

The project is created and the Project Properties dialog appears.
The valuesin thefields in each tab are derived from the sample
data template.

To close the Project Properties dialog, click OK.

To import filesinto your sample data project:

1.

Open the Import dialog. To do this, do one of the following:
—  Select File/ Import.
—  Select the Import ﬂ tool.
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The following dialog appears:

Import 2]x]
Survey | CAD / ASCII | Custom |

Cassini coordinate file [Hame M E Elev Code)
Digital Level files [*.dat;” raw)

|»

SFSSK files [*. External...

Survey devices

Third party data recarder files LI Optiors...
Trirnhla 3300 RNN Series f Frics MR file

GFS data files [ dat] ﬂl
GPSurvey Coordinates [curr_net.dat]
Gridded DTM file [ dtx] IBwfarmst. |
MGS data sheet file (7. dat. = dsx, = htm, = html, = pr]
Precize ephemeris files [*.sp3, * 18] Bt farmat. |
RIMEX files [*.obsg, *.*?0]
Sokkia Data Recorder files (7. xdr) Dielete famat |
Sokkia SDR data collector —

f — |

Coordinate system far Import data:

ILIS State Plane 1983, California Zone 3 0403 Ehange... |

Quality for Impart data: Corrol quality ﬂ

In the Survey tab, select the Survey Controller files (*.dc)
option.

Click OK. Thefollowing dialog appears:

Laak jri: Ia Checkin ﬂ ﬁl

Fast_sta.dc
Po__ kin.dc

Topo.do

Files af type: ISurveyCc-ntrc-lIerFiles[".dc] j Caticel |

The Look in field defaults to the project’s Checkin folder.
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4. Highlight the Topo.dc
5. Click Open.
To process feature codes:

1. Switch to the Plan view. To do this, do one of the following:
— Inthetoolbar, select the Plan View tool.
—  Select View/ Plan.

2. InthePlan view, select Tools/ Process Feature Codes. The
following dialog appears:

Process Feature Codes 7| x|

— Feature and attribute library
File:
File |default.fcl Browsze | Cancel |

— Process

) Eument selestion

%' Selection set: ITopo.dC j

3. Inthisexample, use the Default.fcl feature and attribute library
that appearsin the dialog. However, you can click Browse and
use the Browse dialog to locate and select the feature and
attribute library with which you want to process feature codes.

4. Inthe Process group, select the Topo.dc selection set.

Note — You must choose a selection set created from the
imported .dc file, not the current group of selected points. This
ensures that the points are processed in the order in which they
are collected. If you select points using any other selection
method, unexpected feature code processing can occur.

5. Click OK to start processing feature codes.
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The following window shows the zoomed results of the feature

code processing:
Z._Trimble Geomatics Dffice - Sample Data Doc Test - [Plan] _[&lx]
ﬂ) File Edit Miew Insett Select Swrvep Tools Reports Window Help 1P|

kD )s o] e = =F]eaaealnE|]@ [osoemn

S@prrsaa |

Trimble Survey '
Properties (1 item selected) x|
Selection B A2 W Suwep CAD | Attibutes |
L Tress -
Paint style: Tree 1 =
§07110
Feature code:
|TREE
Deseription:
i " -
507080 —
Points Report ﬁ% .
a a
o
607050
Frojects L
o
Import //
Process _ a
Adiustment .
Export o | @IT "
oo
CAD
: 607020 °
. o
. = o o o o o
g 5 3 2 2 3
B - @ = = / / = = b
B & / . k] S S S i
& = = = = b
. = = = = = =
[Paint + 102 |Eir192.476m, 135.368m |[£] 30.000m | ¥ kg UM

After feature code processing, the Plan view graphically shows the
areathat was surveyed. (Note that conventional observations were
made in an areawhere there are alot of trees.)

The sample data al so has feature and attribute information.
To view attributes:
1. Doubleclick apoint feature. The Properties window appears.

2. Select the Attributes tab. It shows the attributes for the currently
selected feature.

You can export attributes to a number of popular GIS software
formats. For more information, refer to the Help.
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In the Plan view you can also do the following:
*  Create, edit, and delete:
— Layers
— CAD styles
— Annotation templates
« Addlines, curves, arcs, text, and annotations

For more information on using the Plan view, refer to the Help.

Default Feature Code List

Table 11.1 gives the default codes for commonly used features.

Table 11.1  Default feature code list

Feature Code Description Feature Code Description

AV Air valve BANK River bank

BANK1 River bank BANK2 River bank

BCABLE Buried cable BDY Cadastral boundary

BDY1 Cadastral boundary BDY?2 Cadastral boundary

BH Bore hole BLD Building point

BLDG Building point BOB Bottom of bank

BRICK Use to modify line types BRIDGE Bridge side

BUS Bus shelter BUSH Bush

CABLE Cable (power, telephone) CHECK Check jobs (not plotted -
no actions)

CL Road center line CLOSE Closes to first point in
sequence

CLSRECT Close rectangle using 3 CURB Roadside curb

previous points
CURB2 Roadside curb CURB3 Roadside curb
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Table 11.1

Feature Code

Description

Default feature code list (Continued)

Feature Code

Description

CURB4 Roadside curb

CVST Start of curve (not
tangential)

DISTADJ Provides for entry of
measured dimensions
with adjusted closure

DUCT Duct

ENDCV End of curve (tangential)

ENDONARC End of arc
(non-tangential)

EOA Edge of asphalt

EOA2 Edge of asphalt

EOB1 Edge of bush

EP Electric post

FH Fire hydrant

FP Footpath

FP2 Footpath

GATE Gate with “two-point
symbol” effect

GUTTER Gutter or roadside
channel

GUTTER2 Gutter or roadside
channel

IG Sump/catch pit (Iron
grate)

IS Iron spike

CVEND End of curve
(non-tangential)

DIST Provides for entry of
measured dimensions

DRAIN Drain line

ENDARC End of arc (tangential)

ENDLOOP End of a closed loop -
closes to first point in
sequence

ENDONCV End of curve
(non-tangential)

EOA1 Edge of asphalt

EOB Edge of bush

EOB2 Edge of bush

FCE Fence

FINCV End of curve
(non-tangential)

FP1 Footpath

GAS Gas Valve

GULLY Gully

GUTTER1 Gutter or roadside
channel

HEDGE Hedge

INVERT Invert level

ISLAND Traffic Island
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Table 11.1

Default feature code list (Continued)

Feature Code

Description

Feature Code

Description

JP

Joins to previous point in
selection set

IT Iron Tube (survey mark)

KERB Roadside kerb

KERB2 Roadside kerb

KERB4 Roadside kerb

LG Lip of gutter

LG2 Lip of gutter

LP Lamp post

ols Old iron spike (survey
mark)

PC Start of curve
(tangential)

PHONE Phone line

POND Pond edge

PP Power pole

RAIL1 Railway line

RDBDY Road boundary

RDBDY2 Road boundary

RWALL Retaining wall

SH Surveyed spot height
point - annotated with
height

SIZE Sets symbol size in
ground units

SSMH Sanitary sewer manhole

SW Sidewalk

SW2 Sidewalk

TOB Top of bank

KERB1 Roadside kerb

KERB3 Roadside kerb

LAKE Lake edge

LG1 Lip of gutter

LINE General purpose line

MH Manhole

oP Old peg (survey mark)

PEG Wooden peg (survey
mark)

PIN Pin line (road survey
Line)

POST Post

RAIL Railway line

RAIL2 Railway line

RDBDY1 Road boundary

RSH Road spot height

SGAT Public Scating

SIGN Road Sign

SS Survey standard

SUMP Drain catchpoint

SW1 Sidewalkl

SWMH Stormwater manhole

TOBL Top of bank
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Table 11.1  Default feature code list (Continued)

Feature Code Description Feature Code Description

TOBR Top of bank TP Telephone pole

TREE Tree TREE2 Deciduous tree (type 2)
TRIG Trig station (survey mark) WALL Wall

WS Water supply
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Review Questions
1. Define afeature code and attribute library and explain how it is
used in Trimble Geomatics Office.

2. Listthethree basic types of feature codes and give examples
of each.

3. Listthethree basic types of attribute values and give examples
of each.

4. While collecting data, what controller screen do you use to
enter afeature code?

5. Describe the two basic methods collecting line data with feature
codes.

6. Onwhat doesreliable feature code processing depend?

7. How do you edit or correct errors you encounter with a
processed code?

8. What isthe easiest way to display only one type of coded data?

9. Inwhich view do feature codes appear once processed by
Trimble Geomatics Office?
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Answers

1.

A feature and attribute library contains alphanumeric codes that
describe the point you are collecting; an attribute answers
guestions about your point.

Point, control, and control with parameters.

Menu. For example: tree, healthy or unhealthy.
Text/numeric. For example: tree #12345.
Date/time. For example: 01/06/00.

Measure points screen.
Linear or cross-sectional .

The feature and attribute library associated with the project in
Trimble Geomatics Office must match the feature code list
associated with the job in the Survey Controller.

You can select the point in question, then use the Properties
dialog CAD tab to change the codes.

The easiest way to display only one type of coded datais to put
that code into alayer.

Plan View.
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Introduction

This section contains four chapters. The chapters provide a
step-by-step guide to the field and office procedures that make up a
real-time survey.

Session Objectives
At the end of this session, you will be able to confidently:
e Start the base station and rover for RTK survey
e  Start the base station and rover for RTK & Infill survey
e Cadlibrate a GPS site with a Trimble controller
»  Cadlibrate a GPS site with Trimble Geomatics Office
*  Collect datawith the RTK and RTK & Infill survey style
* Use COGO functions
e Stakeout points
e ProcessRTK & Infill data
e Evauate and accept results
 Endasurvey
e Producereports

Note — The review gquestions on page 321 cover all the chaptersinthis
section.
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RTK Surveys

In this chapter:

Introduction

Starting the RTK base survey
Starting the RTK & Infill base survey
Starting the RTK rover survey
Starting the RTK & Infill rover survey
Initializing the survey

Recommended RTK initialization procedure
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Introduction

This chapter describes how to use survey stylesin avariety of RTK
surveys, and how toinitialize an RTK survey.

A Survey Styleisaset of configurations that apply to one particular
type of survey. Each Survey Style provides atemplate that you can use
when you perform a survey of that type. A GPS Survey Style instructs
the base and rover receivers to perform compatible types of
measurements. It also defines the parameters needed for measuring
and storing points. For more information, see Assembling and Setting
up an RTK Survey System (Base), page 41.
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Starting the RTK Base Survey
If you have not yet created and configured a job, do so now. For more
information, see Survey Styles, page 84 and Exercise 1.

Then do the following:

1

2.

From the main menu, select Survey.

=8 Joh: Halswell 09 03

€

FEiles

Survey

Key in

Cogo

Configuration

Tk

Instrument

123 21 =
—
[ 100
& 8
&
? 2.000

Map

Menu

Favorites

Switch to

Esc

Ho survey PDOP:2.7

Enter

From the list that appears, select the name of the survey style
created for the particular setup.

e T EEE]
—
(o 100
g s
Wow in  Configuration
FastStatic... & ? 2.000
PPK... - tap
Menu
BTE & infil... ——
e —————— avontes
Survey BEOO 3600 \strument o
Ho survey PDOP:5.4
E it Enter
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The Survey menu appears.

€

Start survey ration
Meazure points
LContinuous bopo
Station and offset...

Stakeout... Favarites
Site calibration ment Syitch b
End survey =

Esc Eriter

3.  Select Sart base receiver.
The Survey / Sart base screen appears.

{8 Starthase GieEpd
Foink name: Code: —

> 2 [ 10103
Observation class: Antenna height (Uncor):
Autonomous 2.000m »
Measured ko
[Bottam of antenna muunt|v|
Station indesx: Transmit Delay:
[29 ] ms |~

Favorites

Switch to

Ho survey PDOP:2A4

E Stant
5 Scan AL'
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4. Inthe Point name field, select the point name from the
previously defined list, or key in the coordinates from the
Key-in menu. Alternatively, enter the point namein the Key in
screen, then tap the softkey. The current position is
displayed. Press[_Erter | to accept and Storeit.

Pt R
Point name: Code: — )
[Base [»] [o] |EE=00
. - *::-.s-':' 3
Marthing: Easting:
[f04890.630m |»| [289017.220m |»| [f,
Elevation: T som
28.739m b M
tap
Meru
Favorites
Switch to
Ho survey PDOP:2.2
Eso Here Optiotis | AStil

Note — When you press asinstructed above, the base receiver
starts using an autonomous position generated by the receiver. Thisis
the least accurate method of establishing the base station WGS-84
coordinates, but it does let you start surveying immediately. For every
10 mof error in the base coordinate, you could introduce up to 1 ppm
scale error on every measured baseline. To improve the quality of the
survey when you use the key method, carry out a GPSsite
calibration. For moreinformaton, see Chapter 13, Ste Calibration.

If the receiver istracking WAAS satellites, pressthe softkey to
return a WAAS position generated by the receiver. A WAAS positionis
better than an autonomous position. WAAS s available only in North
America.

Real-Time Kinematic Surveying 243



12 RTK Surveys

5.

Highlight the Antenna height field

and enter the base station
antenna height. Make sure that the Measured to field is correct.

& Start hase 123 A < X
Point narme: Code: —
Base » ? 'DD’°
Chservation class: Antenna height (Uncor): '::’ 8
Autonomous 2.000m 4 E‘
Measured to; ? 000
Bottorn of antenna mount g Map
Bottom of antenna mount SR —
Top of notch Meru
Antenna Phase Center Favorites
Switch o
Ho survey PDOP:2.2
E Start
I Scan arl

& Warning — To avoid serious errors in your survey, you must measure the
height of the antenna correctly and accurately. See Measuring GPS

Antenna Heights, page 47.

6.

Make sure the radio antennais connected to the radio then press
the St ] softkey. The following screen appears:

o 123 7 < x|
—
[— 11703
B tarted P8
ase starter oy
—_— 7=
@DISC?HHBC‘I controller from F oo
receiver
Map
Menu
\gvarites
I witch to
Basze survey PDOP:2.2
Esc Enter

Note—The Data LED on the external radio will start flashing at

aregular interval.
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7. Disconnect the controller but do not turn off the receiver.
Then tap [0,

Note — When you press the Scan softkey, the following screen
appears. The systemwill automatically scan the radio
frequency and report if any other base station is operating on

the same frequency.

g Scanbaseradio [ ER
Index = oo
Please wait. Building base list... £F 8

% 2.000
Map
Menu
Favorites
Switch to
Ho survey PDOP:2.2
Esc ‘-"-\E:C_Bml

Starting the RTK & Infill Base Survey

A Survey Styleisaset of configurations that apply to one particular
type of survey. Each Survey Style provides atemplate that you can use
when you perform a survey of that type. A GPS Survey Styleinstructs
the base and rover receivers to perform compatible types of
measurements. It also defines the parameters needed for measuring
and storing points.

For more information, see Assembling and Setting up an RTK Survey
System (Base), page 41.
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If you have not yet created and configured ajob, do so now. For more
information, see Survey Styles, page 84 and Exercise 1.

Then do the following:

1. From the main menu, select Survey.

B ﬂﬂﬂﬁ

IE:I 100

Favorites

5E00 3600...

Switch to

Ho survey PDOP:A.T

Enber

From the list that appears, select the name of the survey style
created for the particular setup.

Jﬂﬂﬂ

Eﬁ IDD/

~nfiguration
FastStatic... 9 ? 2.000

D = Map
§ ATk Fr Mers
] Favorites

5600 3600...

Switch to

Ho survey PDOP:2.3
Erter
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N o 0 M ®

For details, see Step 3 on page 242.
For details, see Step 4 on page 243.
For details, see Step 5 on page 244.
For details, see Step 6 on page 244.
Disconnect the controller but do not turn off the receiver.

Note — RTK & Infill survey requires data logging at the base
and rover during the“ radio link down” period. Make sure that
you specify thelogging device in your Survey Style/ Base-Rover
Options. If you are logging data to the controller, the system
does not prompt you to remove the controller. Do not disconnect
the controller fromthe base. However, if you arelogging data to
the receiver, you can now remove the controller.

S Base options XY
Survey bype: Broadeast Format: —
el
Output additional code RTCM: & \3,
g
Station indes: Logging device: F 2om
29 Controller | Map
Logaing interval: Controller —
Men
Elewation mask: v | Favarites
M ﬂ Switch to
Ho survey PDOP:2.4
Esc Accept
S |
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Starting the RTK Rover Survey

Note — For more information, see Assembling and Setting up an RTK
urvey System (Base), page 41.

If you have not yet created and configured a job, do so now. For more
information, see Survey Styles, page 84 and Exercise 1.

Then do the following:

1.  From the main menu, select Survey.

€

Files

Survey

Gy Job: Halswell 09 03

Key in

Cogo

Configuration

Instrument

123 2 = 5
—
[ 1010 ;
& 6
g %
? 2.000

Map

Menu

Favarites

Switch to

Eszc

Ho survey PDOP:2.7

Etber

2. Fromthelist that appears, select the new RTK survey style.

123 7 <
—
(o 100
LS
Configuration
FastStatic... & ? 2.000
PPE... Map
Menu
BTE & infil... ——
e —————— avontes
BEOO 3600 \strument Satch o
Ho survey PDOP:5.4
E it Enter
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From the RTK screen that appears, select Sart survey.

CEEE
é IEh 1DD/
Start baze receiver Ej
Files ration |~p .
Measure points Map
Contiruous topo —
Station and offzst... Menu
Stakeout... Favorites
Site calibration ment Switch to
End survey =
Exit Enter
prR——— |

OTF initialization is gained automatically through the receiver.
The following screen appears.

123 7 < x|
—
IE:' 1DE|/
: Z.000
Measure points
Continuous topo Map
Station and offset... Menu
%tta keolg;...t_ Favarites
ite calibration
T ment :
Iritialization Switch to
RTK:Fix MS:006
Esn End zurvey Enter

For more information on initialization methods, see Initializing
the Survey, page 251.
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Starting the RTK & Infill Rover Survey

Note — For more information, see Assembling and Setting up an RTK
urvey System (Base), page 41.

If you have not yet created and configured a job, do so now. For more
information, see Survey Styles, page 84 and Exercise 1.

Then do the following:

1

2.

3.
4,

250

From the main menu, select Survey.

Gy Job: Halswell 09 03

€

Files

§un.-'e

123 2 = 5
—

[ 1010 ;
& 6
g %
? 2.000

Map

Keyin Configuration

Menu

Favarites

Cogo

Instrument Switch ta

Eszc

Ho survey PDOP:2.7
Etber

From the list that appears, select the new RTK survey style.

123 7 < %
—
thie (o, 100
W.- 1 9 3
g
Files Ko in  Configuration
FastStatic... "9 ? 2.000
EPE... Map
BTk.. Menu
BTE & infil... ]
_ Favarites
Survey 5600 3600... | 2SR strument | conoo
Ho survey PDOP:2.3
E it Etber

For details, see Step 3 on page 242.

For details, see Step 4 on page 243.

Real-Time Kinematic Surveying



RTK Surveys 12

Initializing the Survey

You must initialize a survey before you can begin centimeter-level
surveying. Initialization can occur only if the rover is receiving
corrections from the base station. The base station must be tracking
four or more satellites.

Note—At least five L1/L2 satellitesarerequired for OTF initialization.
After initialization, at least four satellites must be tracked. If the
number of satellites drops below four, the survey must be reinitialized.

When performing an RTK survey with a dual-frequency receiver,
select Survey / Initialization to access the Initialization screen. Tap
to change the initiaization.

Note — The Initialization menu is not available until you select

Survey / Sart survey.
= Initialization PR
Method: —_—

Known point 100z

Known point Code: }3{
On the fly ? Ej &
No initialization F om0
|4

2.000m

Map
Measured ko

[Bottom of antenna mount| ~| Menu
Favarites
Switch to

RTK:Float H:1.7m V:2.6m

Eszc Start

P

Use one of the following methods to initialize dual frequency RTK
surveys.

«  Known Point
*  On-the-Fly (OTF)

In the Trimble R7, Trimble R8, 5700, or 5800 receiver, OTF
initialization is performed automatically. The New Point method is not
available, but you caninitialize on a known point. To do this, select
Survey / Initialization and press Cmt_],
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Table 12.1 summarizes methods of initializing a real-time kinematic
survey with an R7, R8, 5700, or 5800 receiver, and the time required
for each method.

Table 12.1  Initializing a Real-Time Kinematic survey

Time required for each initialization method

Receiver Known Point New Point OTF

R7, R8, 5700, or ~15 s (5+ SVs)

5800 305 (4Svs) 'Notavailable  ~60's (5+SVs)

Note — Initialization must be maintained throughout the survey by
continuously tracking a minimum of four satellites. If initialization is
lost at any time, reinitialize and then continue the survey. Table 12.1
shows Trimble’s recommended times. In a high multipath environment,
initialization can take much longer or even never occur.

Note — After initialization, the survey mode changes from Float to
Fixed. The mode remains Fixed if the receiver continuously tracks at
least four satellites. If the mode changes to Float, reinitialize the
survey.

Multipath

Initialization reliability depends on the initialization method used and
on whether or not multipath occurred during the initialization phase.
(Multipath occurs when GPS signals are reflected off objects such as
the ground or a building).

The occurrence of multipath at the GPS antenna adversely affects GPS
initializations and solutions:

» Ifinitialization is by the Known Point method, multipath can
cause an initialization attempt to fail.
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* Ifinitialization is by the OTF or New Point method, it is
difficult to detect the presence of multipath during the
initialization. If there is multipath, the receiver may take along
timetoinitialize or it may not initialize at al. See
Recommended RTK Initialization Procedure, page 255.

Theinitialization processin Trimblereceiversisvery reliable, but if an
incorrect initialization does occur, Trimble's RTK processing routines
detect it within 15 minutes (if the mode has remained Fixed). When the
error is detected, the receiver automatically discardstheinitialization
and issues awarning.

Note — If you survey points with a bad initialization, position errors
result. To minimize the effect of multipath during an OTF
initialization, move around.

On-the-Fly (OTF) initialization

AnR7, R8, 5700, or 5800 receiver has On-the-Fly (OTF) capability
and initialization is automatic. Wait for the system to initialize. When
the status line shows RTK=Fixed, the survey isinitialized and you can
start to measure points.

Known point initialization
To perform a Known Point initialization:
1. Position the rover antenna over a known point.
From the Survey menu, choose Initialization.
Tap [t ],
Set the Method field to Known Point and tap [_Eater ],

In the Point name field, tap CGst . Select from the list of known
points.

o~ W N

6. Enter valuesin the Code and Antenna height fields. Make sure
that the Measured to field is correct.
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7.  When the antennais centered and vertical over the point, press
[Start ] or [_Enter ],

The controller startsto record data, and the static icon ( ﬂ )
appearsin the statusline.

Keep the antenna vertical and stationary while datais recorded.

8. Whenthereceiver isinitialized, the results are displayed and the
softkey appears. Press it to accept the initialization.

9. If theinitialization fails, the results are displayed. Trimble
Survey Controller asks if you want to retry. Press[¥s ] or
.

New point initialization (no OTF)

You cannot carry out aNew Point initialization on an R7, R8, 5700, or
5800 receiver.

To perform a New Point initialization:

1. Position the rover antenna a distance away from the base
receiver.

—Q/— Tip — Trimble recommends that you use a bipod attached to the range
= pole when using this method.

From the Survey menu, choose Initialization.
Set the Method field to New Point and press\.

4. Enter valuesfor the Point name, Code, and Antenna height
fields.

5. When the antennais centered and vertical over the point, press
[Start | op [_Enter ],

The controller startsto record data, and the static icon appears
in the status line.

Keep the antenna vertical and stationary while data is recorded.
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6. When the receiver has initialized, the S ] softkey appears.
Pressit to store the point.

Recommended RTK Initialization Procedure

This section describes the procedure that Trimble recommends for
performing a check on aNew Point or an OTF RTK initialization.

Adopt good survey techniques to minimize the chance of surveying
with abad initialization. A bad initialization occurs when the integer
ambiguities are not correctly resolved. Trimble Survey Controller
automatically reinitializes when thisis detected, but cannot do so if
you end the survey too soon. As a precaution, always perform the
initialization described below.

When initializing, always choose a site that has a clear view of the sky
and is free of obstructions that could cause multipath.

Note — Known Point is the quickest method of initialization when
known points exist.

To perform acheck on aNew Point or OTF initialization:

1. Initialize the survey using the New Point or OTF method.

{Q} Tip — When performing an OTF initialization, move the antenna around.
= This reduces the effect of multipath.

2. When the system isinitialized, establish a mark about 9 meters
(30 feet) from where the initialization occurred.

3. Observe atopo point measurement over the mark. Once thisis
done, discard the current initialization.

4. |If using an adjustable height range pole, change the height of
the antenna by approximately 20 cm (8in) .

5. Reoccupy the mark observed in Step 2, and reinitialize the
survey using the Known Point method of initialization.
Remember to enter the new antenna height details.
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CHAPTER

Site Calibration

In this chapter:

Introduction

Performing a manual site calibration (field)
Performing an automatic site calibration (field)
Performing a site calibration (office)

Selecting the calibration point pairs
Computing the calibration parameters
Analyzing the calibration parameters

Viewing a report

Applying the calibration

Using a GPS site calibration in future projects
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Introduction

This chapter describes how to perform asite calibration in the field
and in the office.

Performing a Manual Site Calibration (Field)
To calibrate a survey manually, follow this genera procedure:

1

5.
6.
7.

Key in, transfer, or use a conventional instrument to measure the
grid coordinates of the control (calibration) paints.

Check or set the calibration tolerances. For more information,
see Chapter 10, Coordinate Systems and GPS Site Calibration
Theory.

Measure the control points using GPS.

Name or select the pairs of pointsto be used for the calibration.
A pair of points consists of the grid coordinates and the
WGS-84 coordinates for the same point.

Perform the calibration.
Check residuals, and recalibrate if necessary.
Apply the calibration.

Note — Carry out the complete calibration before staking out any
points, computing offset and/or intersection points, or computing a
resection from GPS points.

Keying in grid coordinates

To key in grid coordinates:

1

From the main menu, select Key in / Points. The Key in/Point
screen appears.

Check that the coordinate fields are Northing, Easting, and
Elevation. (If they are not, press [otins ] and change the
Coordinate view setting to Grid).
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Enter aname in the Point name field. Tap [_Eater ],

Enter details or features of the point in the Code field. Tap
[Enter |

5. Key inthe known grid coordinates. Tap [Enter ],

Select the Control point check box. This ensures that the point
is not overwritten by ameasured point. For more information on
Control points (Search class rules), refer to the Trimble Survey
Controller Help.

7. Repeat Step 3 through Step 6 for each grid coordinate point to
be keyed in.

Tap [Swe |
Tap [Esc_] to return to the main menu.

Transferring grid coordinates

Transfer coordinates using Trimble Geomatics Office, Data Transfer,
or ASCII transfer.

Make sure that these coordinates are:

e Transferred as grid coordinates (N, E, E), not as WGS-84
coordinates (L, L, H)

»  Control class points

Using GPS to measure calibration points

Use GPS to survey the points. Trimble Survey Controller
automatically matches the grid points to the WGS-84 values and then
calculates, stores, and applies the calibration.

When one point has been calibrated, or a projection and datum
transformation have been defined, the (i ] softkey appears. You can
use this to navigate to the next paint.
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As you measure another calibration point, the new calibration is
calculated, stored, and applied to the job.

To measure a calibration point:

1
2.
3.

260

From the main menu, choose Survey.

Select the required RTK survey style.

Select Measure points. In the dialog that appears, change the
Type field to Calibration point.

Access the Grid point name field and pressCtst . A list of
keyed in grid coordinates appears. Highlight the point to be
measured and press[_Ete ], The point name appearsin the Grid
point name field:

o 123 2 %
&rid paint name: —
2 1DD°/o
Code: & 9
NN g
Method: '? 2000
[Calibration point |v| Map
&ntenna height {(Uncor): —
2.000m » Meru
Measured to: Faworites
[Bottom of antenna mount] ~| itk ta
RTK:Fized H:0.008m V:0.012m RMS5:015
Ezc ) . Measure
Find | Optiong |

The GPSpoint name field isfilled in by Trimble Survey
Controller depending on the settings in the Calibration point
name field in the Ste calibration option in the Survey Style.

Enter values for the Code and Antenna height fields. Tap [Eater |,
to accept the screen.

When the antennais centered and vertical over the control
point, tap or [_Erter | The controller starts to record data.

Keep the antenna vertical and stationary while data is recorded.
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7. When the preset required time has elapsed, the[-Ste | softkey
appears. Inspect the precisions. If they are satisfactory, tap
to store the point.

8. The calculations are then done automatically and the results are
stored. While thisis happening, the following messages appear:

Please wait. Storing point
Calculating calibration
Storing calibration

Note — When Trimble Survey Controller is performing an
automatic calibration, the results of the calibration are not
normally displayed. However, if a calibration exceeds the
tolerances that have been set, the residual s are displayed. For
more information, see the next section.

9. Enter the next calibration point namein the Point name field
and pressfd_], The graphical display screen appears, with the
azimuth and distance to the next point displayed on the right.

To use the arrow display, start moving with the controller held
in front of you as normal. The arrow points in the direction of
the next calibration point. Walk towards the point. About

3 meters (10 feet) from the point, the arrow disappears and the
point is displayed.

When the point is located, Tap [_Back |

10. Repeat Step 4 through Step 9 until all the calibration points are
measured.

Selecting the points pairs and performing the calibration

The following steps describe how to select the points for a calibration
and then perform the calibration using Trimble Survey Controller. Do
thisonce you have entered grid coordinates, checked the settingsin the
survey style, and measured the points using GPS.
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1. From the main menu, select Survey. Then select areal-time
survey style.

2. Fromthelist that appears, select Ste calibration. The Ste
calibration screen appears.

3. Tap[a@ ], Thefollowing dialog appears:

2 12312 < %
Grid point name: List —
7 n = (o= 100
@PS point name: £F ‘7:
? yo2? E &
Lse: ¥ oo
Map
Fenu
Favorites
Switch to
Ho survey PDOP:2.0
Esc Accept
I |

4. To enter the name of the grid point, tap ® next to the Grid point
field, then tap (st J. Select a point that you have keyed in,
transferred, or measured using a conventional instrument.

5. Highlight the GPS point field and enter the point name as
described in Step 4. The two point names do not have to be the
same, but they must refer to the same physical point.

6. IntheUsefield, select whether to use the vertical coordinate of
the grid point, the horizontal coordinates, or both horizontal and
vertical coordinates.
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7. Taplk==t] The following dialog appears:

o Site calibration __________ [FEJOEBY
Point | H.Resid| V.Resid|Use ||y,
Nail A 0.000m 0.000m H,¥ 9 7
%2.000

Map

tenu

Favarites

Switch to

Ho survey PDOP:2.0 _
Esc I:Iptic-ns| nnﬂl

Theresidualsfor each point are not displayed until at |east three
3D poaints are included in the calibration to provide redundancy.

8. Press[Resits] to see the horizontal and vertical shifts that the
calibration has calculated. The following dialog appears:

=2 Calibration results ﬂﬂjﬂ
Mumber of points: —
1 (" 1002
L8 7
Horizontal E" g
Scale Factor: Ratation: ? 2.000
1.00000000 0°0000" Map
Max, H.Residual: =
0.000m Menu
Favorites
-
F|| Switch to
Ho survey PODOP:2.0
E Appl
= Dietails Aﬂl

9. To add more points, tap to return to the Calibration
screen.

10. Repeat Step 3 through Step 9 until all the points are added.
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11. Do one of the following:

— If theresiduals are acceptable, press to store the
calibration.

— If theresiduals are not acceptable, recalculate the
calibration.

Checking the residuals

When you use auto-calibrate, the calibration residuals appear only if
the calibration tolerances are exceeded.

When you calibrate manually , the residual's appear in the following

diaog:
JJJJ
Point | H.Resid | ¥.Resid | Use IEHEID/
Nail A 0.004m 0.009m H)Y ||
Nail B 0.011m 0.001m H,¥ a .ﬁl
Nail C 0.020m 0.007m H,¥
OLPY 0.011m 0.000m H,¥ 2.000
Map
Menu
Favorites
Switch to

Ho survey POOP:2.0

Esc Options ' I‘il

If the residuals are excessive, as shown above, consider removing the
point with the most extreme residuals. Then do one of the following:

e If four or more points remain after removing that point,
recalibrate using the remaining points.

e |If fewer than four points remain after removing that point,
measure the point again and recalibrate.

You may need to remove (and measure again) more than one point.
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To remove a point from the calibration calculations:
1. Tap the point name.
2. Set the Use check box to Off. Tap [t

The calibration is recal culated and the new residuals are
displayed.
3. Tap to accept the calibration.

Recalculating a calibration

Recalculate acalibration if the residuals are not acceptable, or if you
want to add or delete points. Recal culate using one of the following:

—  Some of the points
—  Only the horizontal component of a point
—  Only the vertical component of a point

To recalculate a cdibration:

1. From the main menu, select Survey. Select areal-time Survey

Style.

2. From the Survey menu, choose Ste calibration.
3. Do oneof thefollowing:

—  Toremove (exclude) a point, highlight the point name and
press [Dekete ],

— Toadd apoint, pressC&d . For more information, see
Step 4 on page 262.

—  To change the components used for a point, tap the point
name. Inthe Usefield select, whether to use the vertica
coordinate of the grid point, the horizontal coordinates, or
both horizontal and vertical coordinates. You can aso
switch off the point.

4. Press[fmiy ] to apply the new calibration.

Note — Each calibration calculation is independent of the previous
one. When a new calibration is applied, it overwrites any previously
calculated calibration.
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Performing an Automatic Site Calibration (Field)

A calibration calcul ates the parameters needed to convert the
GPS-measured coordinatesinto local grid coordinates. During an RTK
survey, Trimble Survey Controller can automate this process. When
you use the Auto calibrate function, the software automatically
computes and stores a calibration every time a calibration point is
measured.

266

To calibrate a survey automatically, follow this general procedure:

1

2.
3.

Key in, transfer, or use a conventional instrument to measure the
grid coordinates of the local control points.

Select the Auto calibrate check box. (See below.)

Use GPS to measure the calibration points. When you observe
GPS data, set the Measure points method to Calibration point.

Step 1 through Step 3 completes the automatic calibration.
The following steps are optional:

4,
5.

Inspect the calibration results.
Change the resultsiif they are unsatisfactory.

Selecting Auto calibrate
To select Auto calibrate:

1
2.

From the main menu, select Configuration / Survey Styles.

In the dialog that appears, highlight the required RTK survey
style. Tap[_E#t_], The menu that appears has the same name as
the RTK survey style that you added.

Select Ste calibration. The Ste calibration screen appears.

Select the Auto calibrate check box. For more information on
site calibration see Chapter 10, Coordinate Systems and GPS
Site Calibration Theory. Tap to return to the menu for the
chosen Survey Style.

Tap to save the changes and return to the main menu.
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Performing a Site Calibration (Office)

A GPS site calibration establishes the relationship between WGS-84
points collected by GPS receivers, and local grid positions on alocal
map grid. The local map grid includes el evations above sealevel, and
the GPS data includes WGS-84 heights.

Published coordinate systems and geoid models do not usually allow
for local variationsin the projection. You can perform a GPS site
calibration to reduce these variations and obtain more accurate local
grid coordinates.

If you use data collected from terrestrial instruments only, you do not
need to perform a GPS site calibration.

To carry out these procedures, first start Trimble Geomatics Office and
open the relevant project.
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Selecting the calibration components

To select which calibration parameters to include in the calibration
calculations, use the GPS Ste Calibration dialog.

To access it:

e From the main Trimble Geomatics Office meny, select Survey /
GPS Ste Calibration. The following dialog appears:

GPS Site Calibration 7| x|

Cancel |
) Seyven palar!'letgl . Ceniie |
™| pdate default projection ongin
[™ Huarizontal adjustment Saveias dite). |
™| Eet seale factar o Coord System... |

™ Wertical adiustment

Geoidmodel  [GEOIDS (Conus) &Lﬂl

Point List... |

r— Calibrati
"D

r— Computation summary

Haorizontal adjustment scale factor:

taw vertical adjustment inclination:

tax horizontal rezidual: I
tax wertical residual: I

Note — If you perform an adjustment with the Networ k Adjustment
module, and compute adjustment transfor mation parameters, when
you access the dialog the following message appears.

Proceeding with this operation will remove the adjustment transformation parameters.

Note — You can only use one set of parameters derived from either a
calibration or an adjustment. Network adjustment transformation
parameters cannot be transferred to Trimble Survey Controller. If you
want to transfer control points and a calibration to Trimble Survey
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Controller and your project coordinate system has networ k adjustment
transformation parameters, you must first performa GPSsite
calibration. For more information, refer to the topic Calibration and
Adjustment Transformation Parameters in the Help.

To select the calibration components to be calculated, use the
Calibration Components group in the dialog. You can calculate;

e adatum transformation (seven-parameter or three-parameter)

* anupdate of the default Transverse Mercator projection origin
(if applicable)

e ahorizonta adjustment

e avertical adjustment

Computing a datum transformation

If you are using a published coordinate system, a predefined datum
transformation is usually specified, for example, athree- or
seven-parameter transformation, a multiple regression definition, or a
Datum Grid file (NADCON). In these cases, it isunlikely that you will
require adifferent datum transformation, so make sure that the Datum
Transformation check box is clear. However, if there is no datum
transformation information available, or if you have reason to doubt
the available parameters, then compute a datum transformation.

To compute a datum transformation:

1. Inthe GPS Site Calibration dialog, select the Datum
transformation check box. The Three parameter and Seven
parameter options become available.

2. Select the option for the transformation that you want to
compute.

For more information, refer to the topics Three-Parameter
Transformation and Seven-Parameter Transformation in the Trimble
Geomatics Office Help.
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Note — This option is not available with projects that have the default
projection coordinate system, because the default projection is based
directly on the WGS-84 ellipsoid. This means that no datum
transformation is required.

Updating default projection origin

The Update default projection origin check box in the GPS Ste
Calibration dialog isonly availableif the current coordinate systemis
the default Transverse Mercator projection.

Asthe default projection has neither alatitude and longitude origin,
nor afalse northing and fal se easting defined, updating the origin
ensures that the origin of the projectionislocal; that is, it is close to
the survey datain your project.

To update the default projection origin using the first 2D point pair
used:

e Select the Update default projection origin check box.

If you are carrying out a GPS calibration on a project that already has
the default projection defined, clear this check box. The default
projection definition does not change.

Computing a horizontal adjustment
A horizontal adjustment is a plane transformation consisting of:
» trandationsin the north/south and east/west directions
e arotation around adefined origin
* ascaefactor

The software computes transformation parameters using least-squares
methods to find the transformation that gives the adjustment
parameters that, when applied to GPS positions, best fit the control
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grid coordinates. The horizontal adjustment minimizes any residual
error between the control grid coordinates and the grid coordinates
calculated from the GPS positions.

To include a horizontal adjustment:

1. Inthe GPSSite Calibration dialog, select the Horizontal
adjustment check box. The Set scale factor to 1 check box
becomes available.

2. Toforcethe scaleinthe computed calibration to one, select this
check box.

\Q/— Tip — Initially, compute a horizontal adjustment without the scale factor set
= to one. This determines if the computed scale factor is close to one. If the
computed scale factor is not close to 1, check the selected calibration
point pairs.

Computing a vertical adjustment
A vertical adjustment is an inclined plane adjustment that consists of:
e avertical shift at adefined origin
* inclinationsin the north and east directions.

Thisrequiresthree 3-D calibration point pairs. The parameters for this
adjustment are computed using least squares methods. The least
squares calculation finds an adjustment plane that best fits the
elevations derived from the GPS heights with the control point
elevations. With one 3-D calibration point pair, only the vertical shift
parameter can be computed. If there are two 3-D control point pairs
available, the system defines a correction plane that exactly fits these
pairs.

If the project uses a geoid model, then the vertical adjustment is
computed and applied on top of the geoid model corrections.

To include a vertical adjustment, in the GPS Site Calibration dialog,
select the Vertical adjustment check box.
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Selecting the Calibration Point Pairs

272

Use the Point List dialog to select the calibration point pairs you want
to use to calculate the GPS site calibration parameters. A calibration
point pair consists of:

e aGPSpoint (apoint with a GPS position or derived from GPS
data)

* agrid point (not a GPS derived point), which isnormally a
control point (or an adjusted point)

Note — If a point is derived froma grid position and a baseline, it
cannot be selected as a GPSor grid point for calibration.

Asyou select or specify points for inclusion in the point list, Trimble
Geomatics Office checks that each GPS point has a GPS derivation,
and that each grid point does not have a GPS derivation. When a point
does not conform to these requirements, an error message appears.

Trimble recommends that you use at least five 3D control point pairs.
This provides redundancy in the results so that the points pairs used in
the calibration can be changed if required.
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To select calibration point pairs:

1

From the main Trimble Geomatics Office menu, select Survey /
GPS Site Calibration. The GPS Site Calibration dialog appears.

Click Point List. The following dialog appears:

GPS Site Calibration - Point List

Points: ok |
Tene Vale
+-GPS Paint NE COR R Cancel |
[+-Grid Paint ME .CEIF! = |
Type Haorizontal
[+HGPS Point M COR Delete I
[+-Grid Paint M’ COR
Type Harizontal
[+-GPS Pairk SE COR
[+-Grnid Paint SE COR
LT Horz and Wert
GPS Point

(Gnid Point

| Eype Horz andvert x|
Statistics
Harizontal adjustment scale factor: 1.00003633
b ax vertical adjustment inclination: 0.000ppm
b 2 horizontal rezidual: 0.003m
Max vertical rezidual: 0.000m

Use it to specify the calibration point pairs from which the
calibration parameters are computed.

In thefirst GPS Point field, to select the first GPS point you
want to use in the calibration, do one of the following:

— Usefieldfill-in and click an existing GPS point.

—  Enter the name of the GPS point.

—  Expand the GPS Point field (click the plus sign next to the
field) and enter the WGS-84 latitude, WGS-84 longitude,
and WGS-84 height in the appropriate fields. The latitude
and longitude position is used in the calibration
computation, but a GPS point is not added to the database.

A box appears on the GPS point in the graphics window.
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4,

Complete the calibration point pair. To do this, use one of the
following methods to select the grid point associated with the
GPS point you selected in the previous step:

Usefield fill-in and click an existing grid point.
Enter the name of the grid point.

Expand the Grid Point field and enter the northing, easting,
and elevation in the appropriate fields. The northing and
easting position is used in the calibration computation, but
agrid point is not added to the database.

The following occurs:

A cross appears on the grid point in the graphics window.
A line appears between the GPS point and the grid point.
The Typefieldisfilled in.

If the calibration point pair is 3D, the Type field is set to
Horz and Vert. If you do not want to use the calibration
point pair in the vertical adjustment computation, change
the type to Horizontal. If you do not want to use the
calibration point pair in the horizonta adjustment
computation, change the type to Vertical.

If the calibration point pair is 2D, the Type field is set to
Horizontal. You cannot change this value because all other
types areinvalid.

If the calibration point pair is 1D, the Type field is set to
Vertical. You cannot change the Type field as all other
options areinvalid.

Note— If you have a point defined with an underlying grid and a
WGS-84 point, the point list is populated with the grid point
when you include a GPS point.

Repeat Step 1 to Step 4 to select all of the calibration point pairs
that you want to use in the calibration.
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{Qi Tip — The Statistics group shows the scale factor, vertical adjustment
= inclination, and residuals for the calibration, based on the data entered in
the point list. Use these statistics to ensure that the data you have entered
is correct.

6. Onceyou have entered all of the calibration point pairs you
want to use, click Close. The GPS Site Calibration dialog
returns.

{Qi Tip — To select all of the calibration points in the graphics window that are
= defined in the point list, choose Select / Calibration Points.

Computing the Calibration Parameters

Once you select the calibration point pairs for the GPS site calibration,
the Compute button in the GPS Ste Calibration dialog becomes
available. When you click this button, Trimble Geomatics Office uses
the selected calibration point pairsto compute the GPS site calibration
parameters.

You can perform any number of GPS site calibrations in a project. If
you apply a new calibration to a project, the coordinate system is
updated with the new calibration parameters, and all pointsin the
database are updated with the new coordinate system values.

Analyzing the Calibration Parameters

When GPS site calibration parameters have been computed, a
summary of the quality of the calibration parameters appearsin the
Computation summary group. Use the summary to confirm that the
computed calibration is valid.

Real-Time Kinematic Surveying 275



13 Site Calibration

Table 13.1 shows the computation summary parameters.

Table 13.1 Computation summary group parameters

Field Description

Horizontal Shows the computed scale factor for the Horizontal
adjustment adjustment. If you select the Set scale factor to 1 check
scale factor box, the field displays 1. Use it to confirm that the

computed scale factor is close to one. If it is not, there is a
problem with one or more of the calibration point pairs.

Max vertical Shows the maximum inclination for the computed height
adjustment adjustment based on the computed Slope north and Slope
inclination east values. Check that this value is consistent with

accepted values for your area.

Max horizontal ~ Shows the maximum residuals for the last computation

residual and carried out. The software warns you if the maximum
Max vertical horizontal residual error is greater than the value specified
residual in the registry settings. Check that these values are within

expected ranges; normally in the order of centimeters.

Note — To change the maximum error and maximum iteration count,
use the Windows Registry on your computer. For more information,
refer to the topic Changing Calibration Settings Using the Registry in
the Trimble Geomatics Office Help.

If any of the fieldsin the Computation summary group of the GPS Site
Calibration dialog are not within expected ranges, use one of the
following methods to find the problem calibration point pairs:

»  Examinethe calibration point pairs.
To find an error in a GPS site calibration:

»  Repeat the GPS site calibration procedure but leave out a
different point pair each time. When the computation summary
values are what you expect, this means that you have found the
problem pair.

*  Check that the grid points have the correct coordinates.
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Check that you have the best known coordinates for the base
point of your GPS survey. If the errorsin the calibration are
small, they may be caused by errorsin the observations. An
error in the observation of up to one part per million (1 ppm)
can beintroduced by each 10 m (33 ft) of error in the base
coordinates. If you reobserve with a more accurate base
position, you may improve the observations and hence the
calibration results.

If you locate an error in one of the calibration point pairs, fix the error
and recalibrate. If you cannot fix the error, delete the calibration point
pair from the point list and recalibrate.

Viewing a Report
To view areport of the last computed GPS site calibration:

In the GPS Site Calibration dialog, click Report.

A detailed report of the calibration computation, named
Calibration.html, appears in the default HTML viewer on your
computer.

Use the report to inspect the individual calibration parameters. The
report is saved in the project’s Reports folder. When you recalibrate, a
new report overwrites the old one.

Calibration report

The Calibration report includes:

Project details

Datum transformation parameters
Updated default projection definition
Horizontal adjustment parameters

Vertical adjustment parameters
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e  Geoid model definition
 Residual differences between GPS and known coordinates

Thefollowing sections describe each part of the Calibration report and
include report samples where appropriate.

The Project Details section

Figure 13.1 shows the Project Details section. This section shows the
project details, including the project name and the coordinate system

used.
GPS Calibration Report
Project : NA Test
User name Date & Time 2:20:22 PM 9/5/00
Coordinate System Projection from data collector Zone Zone from data collector
Project Datum WGS 84)
Vertical Datum NAYD-88 Geoid Model GEQIDYE {(Conus)
Coordinate Units eters
Distance Units MWeters
Height Units Meters

Figure 13.1  Project Details section of a Calibration report

The Datum Transformation Parameters section

Figure 13.2 shows the Datum Transformation Parameters section.
This section shows the datum transformation method used in the
calibration and the computed parameters.

Datum Transformation Parameters

Method Three Parameter
Translation along x axis -2.050m
Translation along y axis -3.254m
Translation along z axis 2.952m
Back to top

Figure 13.2 Datum Transformation section of a Calibration report
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The Updated Default Projection (Transverse Mercator)
Definition section

The Updated Default Project (Transverse Mercator) Definition section
shows the updated projection origin values (when the Update default
projection origin option has been selected).

The Horizontal Adjustment Parameters section

Figure 13.3 shows the Horizontal Adjustment Parameters section.

This section shows the horizontal adjustment parameters computed
from the calibration.

Horizontal Adjustment Parameters

Northing coordinate of rotation center 10208.059m
Easting coordinate of rotation center 10162.285m
Rotation about the center point -0°00'07 889133"
Translation north -0.003m
Translation east -0.012m
Scale factor 1.00003693
Back to top

Figure 13.3  Horizontal Adjustment Parameters section of a Calibration report

The Vertical Adjustment Parameters section

Figure 13.4 shows the Vertical Adjustment Parameters section. This
section shows the vertical adjustment parameters computed from the

calibration.

Vertical Adjustment Parameters

Northing coordinate of origin point 10063 .693m
Easting coordinate of origin point 10362.152m
Vertical separation at origin -27 968m
Slope north 0.000ppm
Slope east 0.000ppm
Back to top

Figure 13.4 Vertical Adjustment Parameters section of a Calibration report
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The Geoid Model Definition section

The Geoid Model Definition section shows the name of the geoid
model used for the project.

The Residual Differences Between GPS and Known
Coordinates section

The Residual Differences Between GPS and Known Coordinates
section shows the residual differences between the point pairs used in
the calibration. Use this section to identify suspect point pairs.

This section includes:
e Summary
. Point residuals

Figure 13.5 shows the Summary subsection. This subsection showsthe
maximum residuals and the associated GPS points.

Summary
Maximum error Root Mean Square error Point
Horizontal 0.003m 0.002 NE COR
Vertical 0.000m 0.000 SE COR
Three-dimensional 0.003m 0.002 HE COR

Figure 13.5 Residual Differences Between GPS and Known Coordinate — Summary section of
a Calibration report

The Point Residual s subsection shows al of the point pairs used in the
calibration, and the residua differences. Any point pairs that have
residuals greater than the value specified in the registry setting on your
computer are shown in red.
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Applying the Calibration
To apply the last computed GPS site calibration:
e Inthe GPS Ste Calibration dialog, click OK.

Trimble Geomatics Office updates the project coordinate system with
the calibration parameters.

To view the coordinate system details:

1. Select File/ Project Properties. The Project Properties dialog
appears.

2. Inthe Coordinate Systemtab, click Details. The Project
Coordinate System Details dialog appears.

3. Select the Adjustment tab to view the horizontal and vertical
GPS site calibration parameters.

The software performs arecomputation and updates the database with
the new calibration parameters.

Using a GPS Site Calibration in Future Projects

If you plan to do future fieldwork in the immediate area, save the
coordinate system (which includes the calibration parameters) asa
site. You can then use the site as the coordinate system for future
projects.

To do this;

1. Inthe GPSSite Calibration dialog, click Save as Site. The
Save as Ste dialog appears.

2. Enter anamefor the site and then click OK.
The site is saved to the coordinate system database.

To use asaved GPS site calibration (as asite) in another project, make
sure that the project area is within the points used in the GPS site
calibration.
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If you select the site for anew project that iswithin the area covered
by the points used in the original calibration, you do not need to carry
out another GPS site calibration.
For example, in Figure 13.6, save the GPS site calibration as a site in
project A, then usethe sitein project B. However, do not usethe sitein
project C because the areais outside the points used in the GPS site
calibration.
Points used in
mm———— - ] calibration in
IProject C I Project A
larea :
| |
I I
| |
| |
________ 1
Figure 13.6  Site used for other projects
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Field Procedures

In this chapter:

Introduction
Measuring points
Cogo functions
Stakeout

Ending the survey
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Introduction
This chapter describes how to carry out avariety of field procedures.

Measuring Points

In aconventional survey, the only type of pointsthat you can measure
are topo points or check points. In a GPS survey, you measure points
by choosing one of several predefined point types.

In a GPS survey, the Survey Style (and so the survey type) you choose
determines the type of point(s) that can be measured. A single Survey
Style cannot measure every kind of point, so it iS necessary to use
different Survey Styles to measure different kinds of point. An RTK
Survey Style, for example, can be used to measure observed control
points, Rapid points, topo points, and calibration points.

This section shows how to measure points, using RTK or RTK & Infill
methods.

Note — Dual-frequency receiver was used for the following examples.

For RTK surveys, initialize the survey before measuring points.
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Measuring a point in an RTK survey

Start a survey with the RTK survey style. For more information, see
Starting the RTK Rover Survey, page 248.

To measure a point:
1. From the main menu, select Survey / RTK / Measure points.

o 123 2 |
——
e 00z

bl

ration | .,

LContinuous topo Map
Station and offget... Menu
Stakeout... Favarites

Site calibration
ment Switch to

Initialization
MS:006

End survey Enter

Note— You can also measure a point fromthe Map screen. To do
this, open the job, tap (W 7, then tap [Measure]

Enter aname in the Point name field.

3. Enter information about the point in the Code field. Thisis
optional)

4. Inthe Type field, select Topo point.

Note — Topo point is only one of the point types that can be
measured. For more information, refer to Measure pointsin the
Trimble Survey Controller Help.

5. Enter avaluein the Antenna height field. Make sure that the
Measured to field is correct.

6. When the antennais vertical and stationary, tap to start
recording data.

The staticicon (& ) appearsin the status line.
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7.

When the preset occupation time

and precisions have been
reached, the [t | softkey appears. Tap it to store the point.

=4 Measure points PRI
Faink narme: Code: —
[pt001 [»] [ [»] ‘”?;"
Method: L -~
Topo point ﬂ E
Ankenna height {Uncor): 2 000
[2.000m| » Map
Measured ko =
[Bottom of antenna mount] = | Menu
Time so Far: Time ko go: Favorites
Omés OmOs Switch b
RTK:Fized H:0.005m V:0.009m
Esc ) Store
Options | JPE— |

{Q} Tip — In the Survey Style, set the Auto store point field to Yes to
automatically store the point when the preset occupation time and
precisions have been met. To switch on Auto store for this survey, tap
[Options ],

Measuring a point in an RTK & Infill survey
To do this:

1
2.

Start a survey with the RTK & Infill survey style.

Follow the same procedure as outlined in Measuring a point in

an RTK survey, page 285.
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3. If theradio link becomes unavailable, the following screens
appear:
bod Measure points ______[FEw TR o8 Measure points _____FEIIED]
Point narme: Code: — Paint narme: Code: —
[tpo02 I 1| |E=00: [tp002 I || |00
Method: Method: - 5
iupu point v| iopo point v| E
Antenna height {Uncor): Antenna height {Uncar): ? 2.000
2.000m 4 2.000m » Map
Measured ta: Measured ko: =
[Bottom of mount] v | Menu [Bottom of ant mount]| | Menu
Favarites Favorites
Switch to Switch ta
Radio link down RTH:Auto H:? W:?
Esc . Measure Esc . Measure
(Optiors | i | Options ‘ Jra——

a.  Go back to the Survey menu and select Sart PP Infill. The
following screens appear:

123 12 1 = 123 U I %
— —
— o [ 1007 R e Eﬁlﬂg‘x
b
Start PP il ration |~ ;0 Fi @Inﬁll started 2000
Measure points tap Map
LContinuaus topo Menu Meru
é:::«‘oe!jt@ offset... Favoites . lavorites
Site calibration ment Switch to =4 [witch b
Initialization Infill:Float PDOP:3.2
Esc Enter Esc Enter
End survey
2 Job: TNZ calib. 29 09 123 2 = X
—_—
(=" 1102
5
&
Keyin Configuration |~ .
P Map
? Menu
i) Favarites
Survey Cogo Instrument Suitch ta
Initialization in 12m32s
Exit Enter
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b.  You can start measuring points while the OTF initialization
isin process or you can wait until PPK=FIXED and then
start measuring.

If you have apreviously observed WGS-84 coordinate, you
can also perform a Known Point initialization.

Note — If you decide to start measuring points before the
OTF initialization is gained, make sure you are able to
maintain the uninterrupted lock to SVs during the entire
initialization time.

i Measure points ——____[FER RN
Paink nare: Code: — o
ftp003 [»] [»] o
Method:
Topo point
Antenna height {(Uncor ) ‘? 2000
2.000m » M
tdap
Measured ko
[Bottom of ant 1| Menu
Time so Far: Epochs remaining: Favorites
0m13s 1 Switch to
Infill:Fixed PDOP:2.8

Esc .

Options | JE— |

c. Keep measuring pointsin infill mode until radio link
becomes available again. Once the radio link is back on,
the following message appears in the status line:

i Measure points ——____[FER RN
Paink nare: Code: —
ftp003 R Lo |00
Method: ¢ }‘6,{
Topo point ﬁ &5
Antenna height {(Uncor ) ‘? 2000
[2.000m| » "
tdap
Measured ko
[Bottom of ant 1| Menu
Time so Far: Epochs remaining: Favorites
1md7s 0 Switch to
Radio link up (RTK:Fixed)
Esc . Stare
Options | JE—— |
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4. Go back to the Survey menu and select Siop PP Infill. The
following screens appear:

2 123 12 4
—
E TSR ey o O
—_ P i
Files ration | , .
Stop PP infill Map
Mea.sure paints % Menu
LContinuous topo
Station and offset... Favarites
Survey Stakeout... ment | c .0
— Initialization =
Exit End survey . Enter '

5. Continue measuring points following the same procedure as
outlined in Measuring a point in an RTK survey, page 285.

Measuring continuous topo points

Continuous topo points are stored automatically and continuously
after a preset time and/or distance once the required precisions are
reached.

In areal-time survey, Trimble Survey Controller can measure aline of
continuous offset points at the same time as aline of continuous topo
points.
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Measuring a line of continuous points
To measure aline of continuous topo points:
1. From the main menu, select Survey / RTK / Continuous topo.

= 123 U =
—

— e = 11013

€ B

_— =i

&

Eiles Start PP infill ration %2.000

Measure points Map

LContinuous topo Menu

Station and offzet... .
Favorites

ment Switch to

Stakeout...

Survey .

Site calibration
RTK:Fix  |nitialization MS:014
Exit —_— Enter
End survey JFE— |

2. Setthe Typefield to Fixed time, Fixed distance,
Time & distance, or Time or distance.

o Continuous topo _______[FEfw IR
—
o= 1010
Fized distance E g
Time and distance F oo
Time or distance___bunt|v| " -
tdap
Time interval: Start point nare:
[0m1s I | | Men
Code: Favorites
[?—Iﬂ Switch to
RTK:Fized H:0.009m V:0.013m RMS:014
Esc . Measure
Options | JE— |

3. Enter avaluein the Antenna height field. Make sure that the
Measured to field is correct.

4. Enter avalueinthe Horizontal distance field and/or the Time
interval field, depending on the method you are using.

5. You can also observe up to two offsets. Enter these as required.
For more information, see the following section.
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6.

In the lower section of this dialog, enter avalue in the Start
point name field. Thisincrements automatically. If required,
enter acode.

o Continuous topo _______[FEfw IR
Method: —
Time and distance ]UUX
Ankenna height (Uncar): & ‘?,
[2.000m| » ﬁ E
Measured ko ‘? 2000
|B.ott.om of ant J ‘|V| Map
Tirme inkeryal: Distance:
[0mss ]»| [10.000m | | Men
Offset: v | Favorites
Hone j Switch to
RTK:Fized H:0.007m V:0.010m RMS:012
Esc . End
Store | Options | JFE— |

Press|[Measwe] to start recording data, and then move along the
feature to be surveyed.

Thereis an audible beep every time a point is recorded.

Note — To change the distance interval, time interval, or offset
while measuring points, enter new valuesin the fields.

To stop measuring continuous points, pressEd ],

Measuring a line of continuous offset points

To measure aline of continuous offset points.

1
2.
3.

From the main menu, select Survey / RTK / Continuous topo.
Set the Type field to the required method.

Enter avalue in the Antenna height field. Make sure that the
Measured to field is correct.

If the Type field includes Time, enter avalue in the Time
interval field.

Enter theinterval in the Distance field, and change the setting in
the Offset field to None, One, or Two.
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10.

11.

12.

Enter avalue for the center line in the Sart point name field.
Thisincrements automatically.

Enter the horizontal offset distance for Offset one (thefirst line
of offset points).

Note — Enter a left or aright offset. For a left offset, enter a
negative offset distance.

Enter the vertical offset distance for Offset one.

Enter avaluein the Sart point name field for Offset one. This
increments automatically.

If measuring two offset lines, repeat Steps 5 through 9 for
Offset two.

Tap to start recording data, and then move along the
feature to be surveyed.

There is an audible beep every time a point is recorded.
To stop measuring continuous offset points, tap & .

Calculating continuous offset points

Trimble Survey Controller calculates continuous offset points.

When three continuous points have been measured, the half-angleis
calculated between the two lines described by the three points. The
offset point isthen placed at a distance computed from the offset value
and the half-angle.

For the first continuous point, the offset point is placed at right angles
to the line to the next continuous point. For the last continuous point, it
is placed at right angles to the line to the previous continuous point.

These calculations ensure that the offset line stays parallel to the
continuous line of points.
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Figure 14.1 shows how continuous offset points are calcul ated.

—» Direction of survey
e Measured point

o Offset point

f Offset distance (right)

Figure 14.1 Calculation of continuous offset points

The line between offset pointsis parallel to the lines between the
continuous points and is offset by the value specified.
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Cogo Functions

Trimble Survey Controller provides coordinate geometry (Cogo)
functions that perform various calculations using points stored in the
database. The results can also be stored in the database. To access
these functions, use the Cogo menu. This menu includes a calculator.

& Warning — Do not change the coordinate system or perform a calculation
after you have computed intersection points. If you do, the intersection
points will not be in terms of the new coordinate system.

The Trimble Survey Controller Cogo function can perform the

following calculations:

Compute Inverse
Traverse
Subdivide aline
Subdivide an arc
Compute a point
Compute area
Compute azimuth
Compute distance

Compute average
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Exercise 14: Using Cogo Functions — Subdivide a line

This exercise shows how to:

Key in points and lines using the Key in menu

Subdivide aline using Cogo functions.

For detailed instructions on how to perform other Cogo calculations,
see the Trimble Survey Controller Help.

Keying in a point

To key in a point:

1.

© o N o g A~

From the main menu, select Key in / Points. The Key in/Point
screen appears.

You can key in grid, local, or WGS-84 coordinates. To change
the coordinate fields, tap and change the coordinate view.

For thisexercise, set theview to Grid. Then key in thefollowing
values, as described below:

Pt name Northing Easting Elevation
100 100.00 3000.00 10
200 237.82 5619.03 55.02

In the Point screen, enter the first point name.
Enter acode if required (optional).

Key in the coordinates. Tap [Enter ],

Tap to store the point.

Repeat Step 4 through Step 7 for the second point.
Tap (& to return to the main menu.
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Keying in aline
Tokey inaline:
1. Fromthe main menu, select Key in Lines. The Key in/ Line
screen appears.
2. You cankey in grid, ellipsoid, or ground distances. To change
the distancesfield, tap and change the Distances setting to
Grid.
3. IntheLine screen, enter the line name.
4. Enter acodeif required (optional).
5. Inthe Method field, select Two points.
6. For Start point and End point, select from the list the two points
entered in Keying in apoint.
Tap [Lak_, then tap [Ste |, The line is created.
Tap to view the points and the line.
Tap [Ese_] to return to the main menu.
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Subdividing aline

To subdivide aline using the Cogo function:

1
2.

From the main menu, choose Cogo / Subdivide a line.
In the dialog that appears, enter values in each field as required.

In thelist in the Line name field, select the line created in
Keying in aline, above.

Select the required option from the Method field.

Specify a Start point name for the points which are created by
subdividing the line.

de 2| =| x|
Line i Code: | o 1002
[Line 1N ="
: o S §
Method: = o
|Fixed segment length |j
Seqment length (arnd): ? 2.000
100.000m Map
H.OfFset (left): . Offset: |
[0.000m |  [0.000m ] g7
Skart at station: End at skakion: Favorites
[0+000.000m | [3+872.825m | J Switch ta
Ho survey PDOP:2.4
Ezc Stark
Options | prii— |

Tap to calculate the results.

Tap to store the results in the Trimble Survey Controller
database (this step is optional).

Tap (or select File/ Map of current job from the main
menu) to view the subdivided line.

Alternatively, select File/ Review current job from the main
menu to view the subdivided line as alist.
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Stakeout

This section shows how to stake out a point.

Note — Before staking out grid coordinates, define a projection and
datum transfor mation.

Trimble recommends that you carry out a complete calibration before
staking out any points.

General procedure

To stake out a point:

1

N o g A~ e D

Define the point and store it in the Trimble Survey Controller
database.

To define the point, do one of the following:

—  Transfer ajob from the Trimble Geomatics Office software
— Keyindata

—  Cadculate coordinates using one of the Cogo functions
Initialize the survey.

Navigate to a point.

Stake or mark the point.

Measure the as-staked point (thisis optional).

Repeat Step 3 through Step 5 until all points are staked out.

End the survey.

A Warning — Do not stake out points and then change the coordinate
system or perform a calibration. If you do, any points staked out after the
changes will not be in the same terms as the points already staked out.
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Exercise 15: Staking out a point

This exercise shows how to stake out points created in Using Cogo
Functions — Subdivide aline, page 295.

To stake out a point:

1. Fromthe main menu, select Survey / <RTK survey> / Sakeout /
Points. You can also select points from the Map screen for
immediate stakeout.

Note — If a survey is already running, the list of survey styles
does not appear.

A dialog similar to the following appears:

ake o 0 123 17l = |
—_—

Name Code i

No items OB

‘? 2.000

Map

Menu

Favorites

Switch to

RTK:Fixed H:0.006m ¥:0.010m RMS:010

Add | Stakeout

If thisisthefirst time you have used the Stakeout function in
thisjob, thislist is empty.
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2. Transfer points from the Trimble Survey Controller database to

the Sakeout/Points list. To do this:

a.  Pressthe softkey. The following dialog appears:

Select from list

All grid points
All keyed in points

ty Select points 123

2=
—

Points within radius F oo
All points Ma
Points with same code ran
Points by name range Menu
Section of job Favorites
Select from file =
Switch to
RTK:Fixed H:0.007m V:0.011m RMS:010
Esc Enter

b. Fromthislist, choose how points are to be selected.
Choose Slect fromthe list. The following dialog appears.
Thistime, it displays alist of pointsin the Trimble Survey

Controller database:

o) Stakeoutpoints [P W
Name Code S Eh.lzﬂﬂ“/
* Nail C gps Vo 3°
* Nail A gps £ o
* Nail B gps E &5
* OLPY gps F zom
* tp003 Map
o 008 Line0002 Menu
¥ O 009 Line0002 =
oo Lincoonz  J{RRERIS
oo Line0002 | | Switchto
RTK:Fixed H:0.007m V:0.011m RMS:011
Bl | Mone | Fiter | fdd

c. Tapapointto select it. A check mark appears next to the
selected point name. Do this for each point to be staked

out.
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d. When you have selected all the points to be staked out, tap
to return to the Stakeout point screen. The dialog

displays the selected points:
B 0 D 123 ﬂlﬂﬁ
—
Name Code i
o 009 Line0002 B
o010 Line0002 il
E5
F zom
Map
Menu
Favorites
Switch to
RTK:Fized H:0.006m V:0.010m RMS:010
Esc . Stakeout
Options | n JPI— |

e. Select the point to be staked out. To do this, tap the point.

3. Make surethat the survey isinitialized. For more information,
see page 251.

4. Thedialog that appears shows:

a. Theazimuth and horizontal distance from the present
position to the point to be staked out

b. agraphical representation of these values:

o Stake outpoint ___FEREIREY
Point: 009 Go MNorth —
37.885m
—— G0 West U
78.470m| 'k
/ \\ v, Disk ,g é'
| Cut 7.402m|_¥_2000
'\ Elevation Map
\\ / 23.444m Meru
ﬁ - Favorites
| 87.137m Switch to
RTK:Fixed H:0.009m V:0.015m 5Hz
Bse } Fine | Options | m

5. Theazimuth and distance to the next point appear on the right
of the screen.
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To navigate using the arrow in the graphical display screen,
move forwards with the controller held in front of you. The
arrow pointsin the direction of the point to be staked out. Walk
towards the point. When you are about three meters from the
point, the display changes. Two concentric circles (resembling a
bull’s-eye) show the position of the point, and a cross shows
your position, as shown below:

et Stake outpoint __________ [FEWETR
int: 5o North —

Point: 009 0 Morl 1.4161m =100

(o East '====:f‘:::' 6

1.415 Rl
@ W, Dist: " E é’

oo3

Fill 0.841m ¥ 2o
+ Elevation Map

23.448m

Menu

Favorites
2.002m Switch to

A
|

RTK:Fixed H:0.012m V:0.020m 5Hz
Measure

Bse } Fine | Dptions| JE— |

The Ernd SOftkey appears when you are in Coarse navigation
mode. The location values displayed are sensitive, and the
precisions are large (the position update rate is 5 Hz). Use this
mode to |locate the design points when you are far away.

The [tearse] sOftkey appears when you are in Fine navigation
mode. The location sensitivity is slower, and the precisions are
small (the precision update rateis 1 Hz). Use this mode to
locate the exact position of the design point.

When you get closer to the point, press Erneg to go into Fine
mode. The graphical display screen zoomsin and magnifies the
display. Walk toward the point until the cross on the screenis
over the two concentric circles. Remember to keep the pole
vertical. Mark the point with a stake or nail as required. Tap
[Esc ] to return to the Stakeout / Points screen.

Note — You can configure the survey style to make Trimble
Survey Controller go to Fine mode automatically.
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6.

Do one of the following:

—  Torecord the as-staked point, place the range pole over it.
When the range poleis centered and vertical, tap to
measure the point. Tap to store the point. Tap
to return to the Select / Points screen.

— If you do not want to measure the as-staked point, tap [Esc_]
to return to the list. Stake out more points.

Ending the Survey
When you have measured or staked out all the points you need, end

the survey:

1. From the Survey menu, select <RTK survey> / End survey.

2. Tap to confirm the instruction. Trimble Survey Controller
asksif you want to power down (turn off) the receiver. Tap

Yes |

Note — The software will prompt you to disconnect the cable
from the receiver. Disconnect the cable, then tap [,

3. Return to the base station and connect the controller to the
receiver. Select Survey / <RTK survey> / End survey.

4. Tap to confirm the instruction.
Trimble Survey Controller asksif you want to power down (turn
off) the receiver.

5. Tap again.
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Office Procedures

In this chapter:

Introduction
Processing RTK & Infill data

Processing results

Reporting on the project

[
[

[

B Accepting results
[

m Additional reports
[

Report links
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Introduction

This chapter describes how to process data obtained from and RTK
survey. It also describes how to prepare reports on the processed
results and the survey project.

Processing RTK & Infill Data

306

This section describes how to process the infill data segmentsto
produce GPS baselines to replace your infill autonomous positions.
You can processinfill-collected data only from the Survey view in
Trimble Geomatics Office.

A base station started with the RTK & Infill survey style sends RTK
corrections. It also records raw observationsin a.DAT file during the
entire survey session.

A rover receiver started with RTK & Infill survey style records RTK
observationsin a.DC file. It dso records raw observations in a.DAT
filewhen theradio link is unavailable.

When the DC file with infill segmentsisimported into Trimble
Geomatics Office, a*.DAT fileislinked to the DC file.

Thisroving * .DAT fileis used in association with abase receiver * .DAT
file. It is processed with a baseline processor to analyze and redisplay
the data to a better precision. The baseline processor in Trimble
Geomatics Office evaluates the processed solutions of your data.

Note — For more information on transferring files froma GPSreceiver
and Trimble controller, see Exercise 16.

If the data you recorded pass al the user-defined settings, the
processed results can then be merged with the original data. The
autonomous positions associated with the baseline solutions will be
removed.

If the results do not meet the required standards, you can try to
improve the them using proper postprocessed techniques.
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Tip — Use Select / By Query / Autonomous GPS points to quickly
determine which positions in your database represent base or infill
autonomous data points.

Figure 15.1 outlines workflow for processing data collected with the
RTK & infill survey style.

Trimble Geomatics Office Software

Base File *.DAT Trimble Device
transfers both
DC and
*.DAT file from the
receiver or TSC1.

Roving File:
DC File and *.DAT

N
Import DC and *.DAT I

File into Project
Database

v

Process Raw GPS Data.

Select
?S[ig-?léii Baseline p| Analyze and accept
Baahiee Y Processor results

A

Update Project
Database

Figure 15.1 Flow of RTK & Infill data
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Exercise 16: Transfer files from Trimble Survey Controller
or a GPS receiver

To transfer filesfrom Trimble Survey Controller to Trimble Geomatics
Office:

1. Onthe office PC, start Trimble Geomatics Office and open the
project to receive thefiles.

2. Do oneof thefollowing:
—  Select the Import E tool.
—  Select File/ Import.
The following dialog appears.

Import i

Survey | CAD / ASCI | Custom |

Caszsini coordinate file [Mame M E Elev Code)
Digital Level files [*.dat:* raw)

| »

PR

GFS data files [~ dat] Capedl
GPSurvey Coordinates [cur_net.dat)

Gridded DTM file [ dts] IEwfarmat.
MGS data sheet file 7.dat, =dzx, = ktm, = ktml, = prl]

Precize ephemeris files [*.sp3. * e18) Bt farmmat.
RIME files [*.obs, *77a]

Sokkia Data Recorder files [* zdr) Delete famnat
Sokkia SDR data collector —
SSFAS5K files (7. zsf, =2sk)] =
Survey Controller files [*.do

Survey devices

Third party data recorder files ;I
Trirnhle FA00SR0MN S eries F Frics MR flee

External...

Options...

Coordinate system for Import data:

ILIS State Plane 1333, Califormia Zone 3 0403 [Eharge:. |

Quality for Impart data: ICDWUClI guality ﬂ

3. Inthe Survey tab, select Survey Devices.
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4. Click OK. Thefollowing dialog appears:

Save As = E
Look in: Ij‘* Devices j Q*l IE =
5% DiMi Digital Level an COM 1 & Survey Controller on COM 1
& 3600 Ela & Survey Controller on ActiveSync

1§ 5600 GOM on COM 1

47 TDS Survey Pro CF on COM 1

& 105 Survey Pro CE on ActiveSync
Fa Ay Survey Controller

File: name: I

Open

Files of type: |

it

Cancel

5

File format: I

5]

Once you have checked that Trimble Survey Controller is connected to
the correct COM port and isin the appropriate data transfer mode, you

can import the data.
To transfer the .dc file:

1. Inthe Open dialog, select a Trimble Survey Controller device.
Note— If transferring from the GPSreceiver, select GPS

receiver device

2. Click Open. Thefollowing dialog appears as the office PC
connects to Trimble Survey Controller:

Caonnecting to Survey Contraller

&,
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When the PC is connected, the Open dialog returns. The Look in
field is set to the Trimble Survey Controller device that you are
connected to and displays all of the Trimble Survey Controller
jobs available, as shown below:

Open 2] x|
Look in: EE
ifiob03
&l job10
il ot 11

Files of twpe: | Survey Cortroller Files =] Cancel |
File format: | DC File 10 =

3. Select thefileto import and click Open. The following screen

appears:
§ 3
NENEENERNNNNNNEN
File Mame : Stakeout
Bytes Tranzfered : 1024 [59%)
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4. When a.DAT file (or a.DC file with associated .DAT file) is
transferred, a CHECKIN dialog appears:

< DAT Checkin 2]

Use Name Filename Stat Time | Stop Time Receiver Typs| Recaiver 5/N| Antsnna Height]  Artenna Type Measured To | Feature Cade]
1| @ [HACA 92351080.DAT | 15:38:22 17 Apr 2000/ 15:48:27 17 Apr 2000 5700 [ 20170545 2.000m Zephy]_Bottom of antenna mound
2| @ [MAILA 92351082 DAT [ 10:21:32 18 Apr 2000 10:37:17 18 Apr 2000 5700 2u17@| 2.000m Zephy]_Bottom of antenna mounl
3| @ |MALE 92351082.DAT | 10:09.37 18 Apr 2000 10:17.42 18 pr 2000 5700 20170545 2.000m Zephy)_Bottom of antenna moun
4| @ [oPv 92351080 DAT [15:52.07 17 Apr ﬁ 16:05:07 17 Apr 2000 5700 2u17@| 2.000m Zephy]_Bottom of antenna mounl
5| @ |35 92351080.0AT | 16:09.02 17 Apr 2000 16:17.22 17 fpr 2000 5700 20170545 2.000m Zephy)_Bottom of antenna moun
6| ¥ |S5775 92351081 DAT | 16:34:32 17 Apr 2000[ 16:42:32 17 Apr 2000 5700 20170545 2.000m Zephyl _Bottom of antenna mounl

0K | Comcel | Resat

This dialog gives you the opportunity to check the filename, start and
stop times, and antenna height details before importing into the project
database. Click OK to approve the Checkin information.

The datafiles are now in Trimble Geomatics Office database. Files
imported into Trimble Geomatics Office (.DC and .DAT) are stored in
C:\Trimble Geomatics Office\Projects\<Project Name>\Data Files
folder.

Note — If you use the Data Transfer utility in standalone mode to
transfer files, the recommended destination folder is C:\Trimble
Geomatics Office\Projects \<Project Name>\Checkin folder.

Use the Import tool to import those files into the Trimble Geomatics
office database.
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Exercise 17: Processing the infill (raw) data

To process the data file or files from the Survey View:
1. Download GPS data from the base and any rovers.

2. In Trimble Geomatics Office, select Qurvey / Process GPS
Baselines.

This action will automatically begin processing the base raw
satellite data with the observed rover positions aso containing
raw satellite data. The baseline processor uses styles to govern
whether abaseline is completely solved.

Processor styles

From the Survey / GPS Processing Styles, you can review the settings
which meet the conditions of your site. For example, select the
Trimble Default style and the Edit button.

From the Trimble Default dialog that appears, you can set elementary
processing settings. To gain more control over your solution types, use
the Advanced button.

For more information on Advanced Settings, use the Help topics.

Elevation mask

You can use Elevation mask (degrees) to change the satellite
€levation mask. By raising the elevation mask, the processor will
reject low-elevation satellite data and you may improve the quality of
your results.

Solution type

Additional information in the Processor Settings dialog includes the
Solution types you require from the postprocessing.
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Fixed (recommended) — This is the recommended setting. The
Baseline Processor will compute an iono-free fixed solution
providing that the baseline length is greater than 5 km (3 mi) in
length and the data are dual-frequency. An L1 fixed solution
will be produced if the baseline length is less than 5 km and/or
you are using a single-frequency receiver.

Float only — The Float only setting restricts the processor to
computing only float solutions for al baselines when
processing. Use this setting when processing very long infill
basdlines [> 30 km (18 mi)] where afloat solution may be the
best achievable. Select the Float only option to save the baseline
processor from performing an unnecessary integer search that
will most likely fail.

Code only (code differential) — The Code only setting uses an
L 1-only fixed computation to provide solutions. Thisresult may
occur dueto abrief or unusually noisy observation. With this
result, you should consider reprocessing the data with another
base file, or reobserving.

For in-depth solution analysis, you should seek information regarding
the processing raw GPS data can be found in the Trimble Geomatics
Office Help Topics.

Processing Results
The baseline processor will:

attempt to resolve the appropriate initialization parameters

compute a baseline from the base position (determined by the
base * .DAT file) to arover position

generate a summary solution table so you can analyze the
quality of your observations
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The results of the baseline processor computations display in a GPS
Processing dialog. You now can review the computed vectors and
make decisions as to which vectors meet the same level of quality
(specifications) as your real-time survey data.

After viewing what data have passed the Fixed, Float only, or Code
only solutions, focus your attention to the three columns named Ratio,
Refvar, and RMS. Fully understanding these terms and their values
requires aknowledge of Postprocessed surveying, which isbeyond the
scope of this manual. For more information, refer to the Trimble
Geomatics Office Help. The default parameters in Trimble Geomatics
Office will flag any Infill observations that require your attention.

Ratio — these val ues represent the ratio of the variance of the integer
solution second-best candidate fixed solution to the variance of the
best-candidate fixed solution.

Reference Variance — these values indicate how well the observed data
fit the expected error in a particular baseline to the computed sol ution.
The reference variance is unitless.

RM S —these val ues describe the statistical root mean square spread, or
noise in the measurement of your solution. The RM S values should
always be small.

To quickly review which points have met the specifications you set,
use the check box column on the far left of the GPS Processing dialog.

Accepting Results

314

If you are satisfied with your results:

1. Click save in the GPS Processing dialog to accept the results
you have | eft checked on or off.

2. Trimble Geomatics Office software automatically recomputes
the old, unprocessed data positions to the newly processed
positions. You will see this change on project database screen.

Real-Time Kinematic Surveying



Office Procedures 15

Reporting on the Project

This section describes some of the reports that you can create using
Trimble Geomatics Office. The reports provide summaries of projects
and give you information that you can pass on to clients.

You can create areport for an entire project or for only a particular
selection of entities in the project—before you create the report make
your selection using one of the techniques described in Chapter 8 of
the Trimble Geomatics Office User Guide.

Trimble Geomatics Office generates the reports in HyperText Markup
Language (HTML) format and displays them on the default HTML

viewer installed on your computer. The software supports the viewing
of reports under Microsoft Internet Explorer, and Netscape Navigator.

A typical project report includes a header containing the following
project information:

e Project name

e User name
 Dateandtime

e Coordinate system and zone

e Datum
*  Geoid model
«  Units

To specify the information that appears in the report, create a custom
report format.
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Trimble Geomatics Office also provides system database and custom
reports.

System database reports are predefined report formats that you can use
to obtain a summary of the current project. Normally, you do not need
to edit these reports. However, you can modify them by editing the
Asciirpt.dat file located in the Program Files\Trimble\Trimble
Geomatics Office\System folder.

Custom reports are determined by primary record types or queries that
you define, and which are in the database. You can create, or edit a
custom report format. You can prevent these reports from being
modified by editing the Asciirpt.dat file located in the Program
Files\Trimblé\Trimble Geomatics Office\System folder.

To create and view these additional reports:

1. Select Reports/ Additional Reports. The Additional Reports
dialog appears.

2. Inthe Reportslist, select the report that you want to view.

Note — Where a report requires user entry, the name is followed by an
ellipsis(...). If you choose such a report, Trimble Geomatics Office
asks you to provide the parameters required to run the query.

The Points report and Stakeout report are two examples of custom
reports.

Points report

The Points report summarizes the points in the project. To create and
view this report, do one of the following:

e Select Reports/ Additional Reports. In the Additional Reports
dialog that appears, select the Points option and then click OK.

* Intheproject bar, select the Trimble Survey group, and then
select the Points Report option.
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Figure 15.2 shows an example of a Points report.

User name

Project Datum
Vertical Datum
Coordinate Units
Distance Units
Height Units

Elevation units:

Point listing

WName

N z45
Moo 2
WAVE
ETOH
COWBOY
WAVE-NEE
WAVE-GF3
2000
Z001
2002

SE COR
z005
2006

Coordinate units:

Coordinate System

Heters
Meters

Horthing

B06670.
605932 .
BOAEZ7T .
607734 .
607746 .

BO0GE36.
606642 .
606550,
GOGG58 .
BOAE9Z .
BOEEE7 .
6OGG87.

530
373
615
163
945

?
786
645
==l
217
961
939
644

Project : Example
Date & Time 12:50:04 PM 8/29/00
US State Plane 1983 Zone California Zone 3 0403
NAD 1983 (Conus)
NAYD-88 Geoid Model GEOID99 (Conus)
MWeters
Meters
Ileters
Easting Elevation Feature Code
1829301.529 28.7309 EN
1828075, 554 22.270
1828555, 591 Z4.955
1829226. 803 32.769
1627993, 547 17.7687
? ? OIT
1828551.332 52.508
1828597. 439 53.223 PP
1828663.314 53.378 PP
1828727.080 53.658 PP
1828914, A3 53.923 TRIG
1828916, 293 53.840 EOL 5T
1628914.603 53.820 EOh

Figure 15.2  Points report

Stakeout reports

You can generate reports based on stakeout records in the database.
For example, the software can report the cuts and fills for all staked
points in the database. To create and view a Stakeout report:

1

Select Reports/ Additional Reports. The Additional Reports
dialog appears.

Select one of the following:

—  All Staked Points — As Staked report
— Design Points — As Staked report

— Road — Story board report

— Road — Catch point report
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— Road — Point on Road report
3. Click OK.

Figure 15.3 shows an example of the Design Points — As Staked
report.

Project : 7561

User name Date & Time 12:58:01 1/11/00
Coordinate System Projection from data collector Zone Zone from data collector
Project Datum Datum from data collector
Wertical Datum Geoid Model Mot selected
Coordinate Units Ileters
Distance Units Ileters
Height Units Meters

Design Design Delta Delta
Mame Code northing easting north east Cut/Fill
99 NAIL AL 704817.973 288666.641 0.044 -0.004 0.050
101 NAIL C 704515.079 288916.473 0.018 -0.037 0.0o0s
10z NATL C 704515.062 286916.497 0.04z2 -0.031 0.004
103 NAIL C 704515. 062 ZBE916.497 0.054 -0.040 0.017
104 NAIL © 704815, 062 288916.497 0.042 -0.027 0.012
101 NATL C 704515.062 286916.497 0.001 -0.012 -0.061
Back to top

Figure 15.3 Design points — As Staked report

These reports can be customized for your particular project.

Level report

The Level report shows the level observations and data for your Level
file. It is stored in the <Project name>\Reports\Level folder.

To access the report:
e Select Reports/ Level Reports and then the Level file.
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Thereport isdisplayed in the HTML viewer, as shown in Figure 15.4.

Level Report

Contents
#pz Leveling Data
#rz Leveling Observations

Leveling Data

Station Points BS IS FS Elevation Distahce Description
V7 2.304m & 50.000m 31.210m
v 100 1413m 50.891m 4.300m
v 0.910m 51.394m 15.250m
8 2.062m 11.330m
v -3.580m 57.035m §.980m
9 -2.374m 14.500m
v 101 -3.505m 58.167m 4.730m
v 0.793m 53 868m 10.560m
1o 2.391m 15.400m
v 102 1.344m 54 916m 2.330m
v 102 1.344m 54 916m 2.320m

Figure 15.4  Level report

The report shows the following information:

e Leveling data— This section summarizes the information
displayed in the Digital Level Import dialog

e Leveling observations — the leveling observations table shows
the following information:

— ID-To point
—  From point—Quality
— Deltaelevation

—Q} Tip — To select the leveling observation in the graphics window, select the
= observation ID. This link lets you easily view the level observation in the
Properties window.
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Report Links
Many of the reportsin Trimble Geomatics Office contain links to:
e other parts of the report
e other reports
»  thegraphics window
*  the Properties window

These links let you find points and investigate erroneous data more
easily. For example, if you find a misclosure reported in the
Recompute report, you can select the relevant point, locate it in the
graphics window, and then investigate it further in the Properties
window.

For information on report links in specific reports, refer to the Help.
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Section 2 — Field and Office
Procedures Review

Questions
1.  When are you required to leave a controller connected to the
base receiver?

2. What isthe meaning of the status line message: RTK=Auto?

3. When would you use the Trimble Geomatics Office
postprocessing option?

4. What are the requirements for using the Trimble RTK & infill
survey style?

5. What happensif you lose radio link during a real-time survey?

6. What happensif you loseradio link during an RTK & infill type
of survey?

7. Isyour RTK initialization sufficient for use with your
postprocessed infill survey?

8. Name the three types of initialization used for postprocessed
surveys.

9. What are the three differences between the RTK & infill and
RTK configurations?
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10.

11.

12.

13.

14.

15.

16.

17.

What must you do before starting an RTK & infill roversurvey?

When starting the postprocess (infill) portion of a survey, what
must you do first?

How many seconds of continuous observation are required to
perform an OTF initialization?

What type of measurements can you perform whilein the
Infill mode?

What methods are avail able to define a point prior to staking it?

Prior to performing stakeout operations, what type of survey
style must you first start?

How does the stakeout/navigation screen change when you get
within 3 m (10 ft) of your stakeout point?

What is the difference between the coarse mode and the fine
mode as defined in the stakeout screen?
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Answers

1.

10.

Maintain the connection to the controller when performing a
RTK & Infill survey and having data logged to controller
memory.

Theradio link is down. You are now in Autonomous mode.

You would use the Trimble Geomatics Office postprocessing
option when you have data collected in the Trimble RTK &
infill survey style.

You must have two survey grade receivers (1 base, 1 rover) that
can both either store raw GPS data on board, or have a
controller linked to store the raw survey data.

The rover GPS receiver will work in an autonomous mode,
meaning that the positional accuracy of any points measured
will not be of a centimeter-level accuracy.

You can go to the Survey menu on the controller and select
Start PP Infill.

No, you need to collect a second independent initialization for
your Infill segments of data. A Known Point initialization on an
observed RTK position can be used for this Infill initialization.

Four types of initialization used for postprocessed surveys are:
—  Known Paint (Fixed Baseline)

— New Point (Static Baseline)

—  OTF (On-the-Fly)

Logging device at the rover, logging device at the base,
postprocess initialization times.

You must start your base in amode that allows for raw
data collection.
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11.
12.
13.
14.

15.

16.

17.

You must initialize the survey.
480 seconds.
Topo, kinematic, and continuous topo—time only.

The point can be keyed in, observed in the field, imported from
Trimble Geomatics Office, or be the result of acogo operation.

You must have started an RTK or a RTK/Infill style survey, and
you must currently bein RTK mode.

Asyou approach within 3 m (10 ft) of the point, the screen
changes from the arrow display to a bull’s-eye display.

When the Erng SOftkey is displayed, you are currently in Coarse
navigation mode. You will naotice that the location values
displayed are sensitive, and your precisions are large (the
position update rate is 5 Hz). Use this option to locate your
design points when far away. When the softkey is
displayed, you are currently in Fine navigation mode. You will
notice that the location sensitivity is slower, and your precisions
are small (the position update rateis 1 Hz). Use this option
when locating the exact position of your design point.
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Start to Finish

In this chapter:

m Introduction

m Task Review
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Introduction
You now have the skills to perform areal-time survey.

This chapter provides atest of the real-time surveying techniques
offered in this course, using Trimble equipment. Your instructor will
provide you with a set of instructions to test your ability and
confidence with your new skills.

Task Review

You will put into practice the information from the previous chapters,
including:

e Creating aproject in Trimble Geomatics Office

*  Importing and exporting data

e Setting up and configuring field equipment

e Starting the survey

e Cdlibrating the sitein the field

*  Measuring points actively using feature codes and attributes
*  Performing various calculations using Cogo function

e Staking out design points and storing the staked position.

e Staking out Cogo calculated points and storing the staked
positions.

e Ending the survey

e Producing a plan in Trimble Geomatics Office using feature
code processing

e Producing a point report in Trimble Geomatics Office
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Notes
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APPENDIX

Station Index and Multibase

In this appendix:

m Introduction
W Station index

B Operating several base stations on one radio frequency
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Station Index and Multibase

Introduction

This Appendix describes the station index and how to use it when
operating with multiple base stations on one radio frequency.

It also describes multibase operations and transmission delays.

Station Index

The station index is a unique identifying number allocated to each
base station. In real-time surveys, the base receiver broadcasts the
station index number as part of the broadcast message.

330

As shown in the following dialogs:
1. Set the station index number in the Start base screen.

2. Set the default station index number for the Sart base screenin
the Sation index field in the Base options of the Survey Style.

{2 Base options _____________EEJRIEIRY
Survey bype: Broadcast Format: —_—

.| =

Qutput additional code RTCM: :' ;

o Startbase _______________[EENIIEIR
—

Foink name: Code:

Base 1 4 ?

Observation class: Ankenna height (Uncor): | '
A I»]

[2.000m

[k

? 2.000

Skation index: Elewation mask: ? 2000 Measured ko:
[29 | [13°00°00" ]»] Map [Bottom of antenna mount] v | Map
— Station indes: Transmit Delay: —
Antenna Menu 29 ms |v | Menu
Antenna height: - | Favaorites Favarites
2.000m L4 FF|| Switch to Switch to
Ho survey PDOP:2.3 Ho survey PDOP:2.3
Esc Accept Esc Erter
e | Scan |

Use station index

If you want to use multiple base stations on one radio frequency, in the
Use station index field, enter the station index number that you want to

use first.

If you do not want to use multiple base stations on one frequency,
enter the same station index number that you enter in the Base options

screen.
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To use any base station operating on the frequency set in the rover

radio, press Ay,

Note — If you press and there are other base stations operating
on the frequency, you could use corrections from the wrong base in the

rover survey.

Prompt for station index

When you use areceiver that supports multiple base stations on one
radio frequency, you must indicate which base to use when you start
the rover survey, as shown in the following dia ogs:

jog Selecthase station  EERIIEIPS]
Index — %
Please wait. Building bhase list... 4
W 1m0
tap
Menu
Favaiites
Switch to
Ho survey PDOP:4.7
Eszc ‘Acc_eptl

o Selectbase station ______ [EEJIIEIRY
Index [ Reliahility —
29 100% @ 4
15 95% ?

W 1m0
Map
Menu
Favorites
Switch to
Ho survey PDOP:4.7
Esc ‘ACC_EDII

To stop this question from appearing, set the Prompt for station index
field to No, as shown in the following dialog. The station index
number in the Use station index field is used:

o 1232 < %
Survey type: Broadcast Format: —
RTHK -| -
IUse skation index: Prompt station index:
15 »
Satelite differential; Ignore health:
-
Elewation mask: POOR mask:
[13700000" 1v| 60 ]»|
- Favarites
j Swiitch to
Ho survey PDOP:d.7
Esc Accept
N |
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Operating Several Base Stations on One Radio
Frequency

332

Inan RTK survey you can reduce the effects of radio interference from
other base stations on the same frequency by operating your base
station with a different transmission delay. This alows you to operate
several base stations on one frequency, as follows:

1. Check that you have the correct hardware and firmware.

2. Set up the equipment and start a survey at each base station,
specifying atransmission delay and a station index number.

3. Start arover survey and specify which base to use.

Hardware and firmware requirements

To operate several base stations on one frequency, you must use
receivers that support the CMR Plus correction record format. You
cannot use Series 4000 or 4600L S receivers.

Only one Site Surveyor™ 4400 or MS750™ receiver can be used—it
can only be used as the base with the 0 mstransmission delay. You do
not need to set this. If you use a4400 or MS750 receiver, it
automatically broadcasts with a0 ms transmission delay.

All other base and rover receivers must be GPS Total Station R7, RS,
5700, or 5800 or 4700 / 4800 receivers with firmware version 1.20 or
|ater.

Note — Do not use transmission delays if you intend to use radio
repeaters.

Starting the base with a transmission delay

When you use multiple base stations, you set the transmission delay
for each base when you start the base survey. Each base must
broadcast with a different transmission delay and station index
number. The delays allow the rover receiver to receive corrections

Real-Time Kinematic Surveying



Station Index and Multibase A

from multiple base stations operating at the same frequency. The
station index numbers let you select which base station to use at the
rover.

Note —. When you carry out surveys using different base stationsin
one job, make sure that the coordinates of the base stations are in the
same coordinate system and are in terms of each other.

The following example shows how to set up two base stations
operating on the same frequency.

Two 5700 GPS receivers and TrimTak 450 S radio modems are
available for base station setup.Rover unit is 5700 GPS receiver with
interna radio.

Approved radio frequency is 466.8375 MHz.

Base Station 1 will operate with station index No.15, and Oms
transmission delay.

Base Station 2 will operate with station index No.29, and 500ms
transmission delay.

To configure both base and rover survey style, do the following:
1. Create or edit an existing RTK Survey Style.

2. Inthe Survey Style (for both the base and the rover) select the
CMR Plus correction message format, and specify a station
index number, as shown in the following dialog:

b= Base options_____________[EEJIEIRY| WREE B ase options _________EE il
Survey bype; Broadcast Format; — " Survey bvpe: Broadcast format; o .
CMR+ = |k || [CMR+ o]
Output additional code RTCIRTCM RTK 2.1 & )‘4:( Output additional code RTCM: & )‘4:(
I~ RTCM RTK 2.2 ? d' N ? Q
Stakion indes: RTCM RTK 2.3 o180 Skation indes: Elewation mask: W o1sm
29 RTCM RTK 3.0 Mo [29] | [13°0000" 1»] Ma'
CMR i =ap
Antenna CMR+ Menu Antenna Menu
Antenna height: - Favorites Antenna height: - | Favorites
2.000m _|> P Switch to [—I—|2'U["]m Ld 7| Switch to
Ho survey PDOP:4.8 Ho survey PDOP:4.8
Esc Accept Esc Enter
e | e |
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3. Make surethat both rover and al base radios are operating on
the same frequency and with the same over-the-air baud rate.
Use the controller to set the rover internal radio over-the-air
baud rate to at least 4800 baud.

=4 Rover radio LIl
—

Connecked o
Trimble internal

Freguency:

166.6129 MHz | ~

Base radio mode:

TT450s at 4800 bps -

Favarites

Switch to

Ho survey PDOP:4.8
Ezc Accept
I |
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4. Asshown below, use Trimble Survey Controller to connect to
the base station’s external radio. Check that the radio is set for
the correct over- air baud rate, and change it if necessary.

j¥ Base radio _______________CEJIIEIRS| puEes 123 12 =2
Type: — Type: —
TRIMTALK 4508 - ‘E"”i‘ TRIMTALK 4508 > :f"”i"’
Receiver part: Eaud rate: T Receiver '_ o
38400 E Wl |Por3 &
Parity: T Parity: 79 Dist.:onnec‘t power from .
Odd Odd radio
Map Map
Menu tenu
Favarites LCancel ||avortes
Switch to I wwitch to
Ho survey PDOP:4.9 Ho survey PDOP:4.9
Esc Accept Esc Accept
Cornect | Connect I
= 27 x| | ¥ 123 12 = ]
. — Type: —
I == B TRIMTALK 4505 v = 00%
TRIMTALK 450% hd : 4“ : 4
o (T - | | 7o M S
Port 3 2| Port3 ) ; &
Parity: i Connect power to radio . Parity: @Connecﬂng to radio ... 1800
Odd
0dd Map tap
Menu tenu
Cancel ||avorites Cancel |Q\"0lit88
I wwitch to I witch to
Ho survey PDOP:4.9 Ho survey PDOP:4.9
Esc Accept Esc Acoept
Connect | P | Conrect | PRREE |
=8 Base radio RN
Connecked ko Baud rate:
TRIMTALK 4505 38400
Parity:
Odd
Frequency: Radio operating mode:
[i66.8125 MHz|~|  [Base/rover|~|
Wireless data rate (bps):  Firmware version: Favarites
i 215 Switch o
Ho survey PDOP:0.9
Ezc Accept
_ 1 . |
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Alternatively, to set the over-air baud rate on an external radio, usethe
TRIMTALK setup, as shown in the following dialog, or another
appropriate utility:

TRIMTALK 4505 Setup M= E

You have connected to a TRIMTALK 4505,

This radio modem has a frequency range of 450-460MHz with a
channel spacing of 25 KHz.

To change the TRIMTALK's settings:

Press  Reset | {p setthe TRIMTALK to the factory defaults,
or change any or all of the following settings:

Select a new senal port baud rate 38400 bps j

Select a new senal port parity setting |0dd j|

Select a new frequency |455_I]I]I]I] MHz j|

Select a new wireless data rate |4BI]I] bps j|

Select a new mode

* Base/Rover " Repeater #1 " Repeater #2
Then press Set to apply your selections.

To return to the main menu with no changes, press Cancel

More help is available by pressing Help

FW wersion 2.15 08/21/96. Serial number 0220082048

Note — If you use a 4800 bps over-air baud rate, you can only use two
base stations on one frequency. Increase the over-air baud rate if you
want to increase the number of base stations on the same frequency.
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5. Goto Start base survey. If the receiver you are using supports
transmission delays, the Transmission delay field appears, as

shown in the following dialog. Choose a value, depending on

how many base stations you want to use, as shown in the

following dialog, and Table A.1:

< Startbase ____RERIEPY
Paink name: Code: —

Base 1 » ?
Observation dass: Ankenna height (Uncar): | %
Autonomous [2.000m| »

Measured ta: F om
[Bottom of Map
Station indes: —

[29

= Startbase _______________[EEAEIRY
Point name: Code: —
Base 1 » ?
Observation class: Antenna height (Uncar): | %
A [2.000m I

Measured ba: F oom
[Bottom of mnunt|v| Map
Skation index: Transmit Delay: —
29 -
Favaiites A
250 ms
350 ms
Ho survg 500 ms
700 ms &

mount] v|
Transmit Delay:
ms_|~|

Menu Menu

Favartes

Switch to Switch to

Ho survey PDOP:2.6

Enter Start

Scan | Scan ‘

Table A.1 Number of bases / transmission delays

Number of base Delays to use (ms)...

stations

Base 1 Base 2 Base 3 Base 4

One 0

Two

500

Three

350

700

Four

250

500

750

6.

Repest the same procedure to start the second base station.

Change Station index number to No.25 and transmission delay
to 500 ms.

Changing between base stations

Now there are two base stations in the area, transmitting on the same
frequency (466.8375 MHz):

e« BASE No.1-Station Index 15, Transmit Delay Oms
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BASE No.2 — Station Index 29, Transmit Delay 500ms
Our system has been set up to use Base No.1, Station Index 15.

To change to the second available base station, use Swap base receiver
from the Survey menu, as shown in the following dialogs:

123 20 < x| &8 Select hase station (EERC
00 Index | Reliahility 00
g 5 29 100% £F 8
? g 13 100% ? S
Measure points 1900 W 1800
Lontinuous topo Map tdap
Station and offset... Menu Menu
Stakeout... = =
Favarites Favorites
Switch to Switch to
RTK:Fin RTK:Fixed H:0.006m V:0.009m RMS:008
Exit End survey Enter . Esc Accept
& Select base station h23 7 =i 5d) | 5 7| = |
Index | Reliahility = 00 [—
29 100% £F 8 Switching to new hase £F B
15 100% o EREENERENER Y.
? 1.800 ? 1.800
Map Map
Menu Menu
Favarites Favorites
Suitch to Switch to
RTH:Fixed H:0.007m V:0.009m RMS:009 RTK:Fixed H:0.006m V:0.008m RMS:003
Eszc Accept Esc Enter

Survey Controller will automatically lose initialization, end the
current survey, and start a new one using base information from the
newly selected base station.
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Maximizing the Performance
of the RTK Radio Link

In this appendix:

® Introduction

m Radio Waves
® Radio Modems
H Antenna

B Loss of Radio Link
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Introduction

Wireless data communication link between base and rover receiver is
crucia for successful RTK surveys. The radio datalink passes the
information from the base receiver to the rover receiver, enabling
centimeter-level position computations in real-time.

This appendix provides useful information about radio communication
that will help you maximize the performance of your RTK system.

Effectiveness of your radio data communication system depends on
laws of physics. Understanding afew basic principles affecting radio
signalswill help you establish areliable data communication system.

Radio Waves

Radio waves are part of an electromagnetic spectrum. Their

wavel ength depends on the frequency of the wave, and they travel at
the speed of light. Table B.1 showsthe portions of the electromagnetic
spectrum freguencies that are considered radio waves:

Table B.1 Radio waves of the electromagnetic spectrum frequencies

Frequency Band Frequency Wavelength
Very Low Frequency (VLF) 10-30 kHz 30 km — 10 km
Low Frequency (LF) 30-300 kHz 10 km — 1 km
Medium Frequency (MF) 300-3000 kHz 1 km - 100 km
High Frequency (HF) 3-30 MHz 100 m-10m
Very High Frequency (VHF) 30-300 MHz I0m-1m
Ultra-High Frequency (UHF) 300-3000 MHz 1m-10cm
Super-High Frequency (SHF) 3-30 GHz 10cm—-1cm
Extremely-High Frequencies (EHF) 30-300 GHz lcm-0.1cm

For example, FM radio stations operate at a portion of the VHF band,
AM radio stations at a portion of the MF band, TV stations at various
frequenciesin UHF and VHF band, etc.
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Most radio frequency bands are divided into channels, each of which
may be used to transmit voice or data.

Your RTK radio data link uses one dedicated radio channel in UHF or
VHF band for communication. Datafrom a GPS receiver is modul ated
onto aradio carrier wave.

The manner in which radio waves travel from the transmitter antenna
to the receiver antenna (propagation) is crucial in determining the
distance at which radio communication is effective. Most reliable data
communication depends on the line of sight between the transmitter
and receiver radio.

Propagation, together with obstructions by natural or man-made
structures and the ability of the radio signal to penetrate those
obstacles, will ultimately determine the coverage area of radio signal.

Thisdirectly trandates into limiting the areain which RTK surveys
can be conducted.

Radio Modems

A radio modem modul ates information to the radio carrier wave using
one of the modulation methods.

In the case of voice communication, audio signals are picked up by the
microphone and converted to varying voltage levels. Thisvoltageis
used by aradio transmitter to modulate carrier frequency. A radio
receiver takes the modulated signal and appliesit to the speakers,
resulting in audio output.

For data. communication, digital signal comprising of groups of binary
data (1 and Q) is passed through a modulator which produces an

anal og waveform representing the data. The analog waveform isthen
transmitted by the radio hardware. The receiver takes the modulated
signal and covertsit back to binary digital signal.

Most data modems in commercial UHF / VHF bands rely on
frequency modulation.
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Some radio modems can transmit or receiver only, while some can act
as atransmitter, receiver, or repeater (depending on the setting).

Some radio modems transmit on one predefined frequency and with
one output power level, while others are frequency-programmabl e and
have variable power output.

For example, TRIMMARK 3 can have 20 predefined frequencies and
allows three power output levels (2, 10, and 25 W), while
TRIMTALK 450S can have 20 predefined frequencies but only one
power level output (0.5 W). Both units can operate in either
Transmitter, Receiver, or Repeater mode.

Antenna

342

An antennais the radiating element that takes the signal from aradio
and sends it through the air. Antennas come in a variety of shapesand
sizes, each designed for a specific use.

The type of the antennais determined by the nature of the
communications. For example, directional antennas are used to send
data over long distances in a certain direction, while omni-directional
antennas are used when the receiver antennais constantly changing its
position relative to the transmitter.

To maximize your radio data link coverage:
1. Usetheright type of antenna.

In general, use adirectional antennafor fixed point-to-point
communication and an omni-directional one for
communications mobile applications.

2. Choosetheright location for the antenna.

Place the antenna on the highest point available. Where
possible, select a base station location that takes advantage of
terrain.

Separate the radio antenna from the GPS antenna by 2-3 m, to
avoid possible interference with the GPS signal.
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—Q/— Tip — Use a tripod or telescopic range pole for mounting the radio antenna

= and improving range.

Note — Follow local regulations when installing antennas on
buildings. Use a lightning arrestor.

Loss of Radio Link

The robustness, reliability, and coverage of your RTK system depends
on severa factors:

power output of the transmitter
frequency of the transmission
topography of the land where the transmitter is located

obstructions on the land such as buildings, forests, and other
natural or man-made objects

placement of the transmitter antenna and the location of the
rover receiver antenna

interference by other radio transmission sources such as other
DGPS/RTK radios, public radio transmissions, and
transmissions from airports, cellular sites, harbors, and
emergency services.

The solution to issues caused by the above may or may not be
remedied. Here are some solutions that you can deal with directly.

& Warning — Make sure that your solutions comply with the legal
requirements for radio transmission.
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Raise radio antenna
Raising the radio antenna can help prevent the loss of radio link:
* Theradio antenna can be raised at the base or at the rover.

e Doubling your antenna height can increase your radio range by
up to 40%.

Set up a repeater
A repeater can help prevent the loss of radio link:

Some radio systems require changes to the internal settingsto
designate aradio as arepeater.

TRIMTALK 450S and TRIMMARK 3 radio systems allow two
repeatersin achain.

Change radio frequency

Use the Trimble controller to access the Trimble radio modems. Use a
radio scanner prior to setting up the base station to determine if your
will experience any radio interference on your selected frequency.

»  Select adifferent (clear) radio frequency, if oneis available.

e Make sureto change to the same frequency at both the base and
rover.

*  Whileinthefield, use the survey stylesto change the radio
frequency from the controller.
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This section explains some of the terms used in this manual .

almanac

Anti-Spoofing (AS)

autonomous
positioning

base station

baud

C/A code

Data, transmitted by a GPS satellite, that includes orbit
information on all the satellites, clock correction, and atmospheric
delay parameters. The almanac facilitates rapid SV acquisition.
The orbit information is a subset of the ephemeris data with
reduced precision.

A feature that allows the U.S. Department of Defense to transmit
an encrypted Y -code in place of P-code. Y-codeisintended to be
useful only to authorized (primarily military) users. Anti-Spoofing
is used with Selective Availability to deny the full precision of
GPSto civilian users.

The least precise form of positioning that a GPS receiver can
produce. The position fix is calculated by one receiver from
satellite data alone.

In a GPS survey, you observe and compute baselines (the position
of one receiver relative to another). The base station acts as the
position from which all unknown positions are derived.

A base station is an antenna and receiver set up on a known
location specifically to collect datato be used in differentially
correcting rover files. Trimble Reference Station (TRS) and a
receiver in base station mode are examples of base stations.

A unit of datatransfer speed (from one binary digital deviceto
another) used in describing serial communications; generally one
bit per second.

See Coarse Acquisition code.
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CMR

Coarse Acquisition
(C/A) code

constellation

data logging

data message

datum

Differential
Positioning

Compact Measurement Record. A satellite measurement message
that is broadcast by the base receiver and used by RTK surveysto
calculate an accurate baseline from the base to the rover.

A pseudorandom noise (PRN) code modulated onto an L1 signal.
This code hel ps the receiver compute the distance from the
satellite.

A specific set of satellites used in calculating positions: three
satellites for 2D fixes, four satellites for 3D fixes.

All satellites visible to a GPS receiver at one time. The optimum
congtellation is the constellation with the lowest PDOP. See also
PDOP.

The process of recording satellite datain afile stored in the
receiver, the controller memory, or on a PC card.

A message, included in the GPS signal, that reports on the location
and health of the satellites as well as any clock correction. It
includes information about the health of other satellites aswell as
their approximate position.

See geodetic datum.

Precise measurement of the relative position of two receivers
tracking the same satellites simultaneously.
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DOP

Doppler shift

DTM

dual-frequency

Earth Centered
Earth Fixed (ECEF)

elevation

elevation mask

Dilution of Precision, anindicator of the quality of a GPS position.
DOP takes into account the location of each satellite relative to
other satellites in the constellation, as well astheir geometry
relative to the GPS receiver. A low DOP value indicates a higher
probability of accuracy.

Standard DOPs for GPS applications are:

* PDOP - Position (three coordinates)

 RDOP - Relative (Position, averaged over time)
e HDOP — Horizonta (two horizontal coordinates)
¢ VDOP — Vertical (height only)

e TDOP - Time (clock offset only)

The apparent change in frequency of asignal caused by therelative
motion of satellites and the receiver.

Digital Terrain Model. An electronic representation of terrain in
3D.

A type of receiver that uses both L1 and L2 signals from GPS
satellites. A dual-frequency receiver can compute more precise
position fixes over longer distances and under more adverse
conditions because it compensates for ionospheric delays.

A cartesian coordinate system used by the WGS-84 reference
frame. In this coordinate system, the center of the systemisat the
earth’s center of mass. The z axisis coincident with the mean
rotational axis of the earth and the x axis passes through 0° N and
0° E. They axisis perpendicular to the plane of the x and z axes.

Height above mean sealevel. Vertical distance above the geoid.

The angle below which Trimble recommends that you do not track
satellites. Normally set to 13 degreesto avoid interference from
buildings and trees as well as ground multipath errors.
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ellipsoid

ephemeris

epoch

feature codes

fixed solution

float solution

GDOP

A mathematical model of the earth formed by rotating an ellipse
around its minor axis. For ellipsoids that model the earth, the
minor axisisthe polar axis and the major axisis the equatorial
axis. An dllipsoid is completely defined by specifying the lengths
of both axes, or by specifying the length of the major axis and the
flattening.

A set of datathat describes the position of a celestial object asa
function of time. Each GPS satellite periodically transmits a
broadcast ephemeris describing its predicted position through the
near future, uploaded by the Control Segment. Postprocessing
programs can also use a precise ephemeris that describes the exact
position of a satellitein the past.

The measurement interval of a GPS receiver. The epoch varies

according to the survey type:

e forrea-time surveysit is set at one second

» for postprocessed surveysit can be set to arate of between one
second and one minute

Simple descriptive words or abbreviations that describe the
features of apoint.

Indicates that the integer ambiguities have been resolved and a
survey isinitialized. Thisisthe most precise type of solution.

Indicates that the integer ambiguities have not been resolved, and
that the survey is not initialized.

Geometric Dilution of Precision. The relationship between errors
in user position and time, and errorsin satellite range. See also
DOP.
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geodetic datum

geoid

GPS

GPS time

HDOP

integer ambiguity

ionosphere

L1

A mathematical model designed to fit part or all of the geoid (the
physical earth’s surface). A geodetic datum is defined by the
relationship between an ellipsoid and the center of the earth. It
takes into account the size and shape of the ellipsoid, and the
location of the center of the ellipsoid with respect to the center of
the earth (a point on the topographic surface established asthe
origin of the datum).

Various datums have been established to suit particular regions.
For example, European maps are often based upon the European
datum of 1950 (ED-50). Maps of the United States are often based
upon the North American Datum of 1927 or 1983 (NAD-27,
NAD-83). All GPS coordinates are based upon the WGS-84 datum
surface.

The surface of gravitational equipotential that closely
approximates mean sea level.

Global Positioning System. Based on a constellation of 24
operational satellites orbiting the earth at a high atitude.

A measure of time used by the NAVSTAR GPS system. GPStime
is based on UTC but does not add periodic ‘leap seconds’ to
correct for changesin the Earth’s period of rotation.

Horizontal Dilution of Precision. See dso DOP.

The whole number of cyclesin acarrier phase pseudorange
between the GPS satellite and the GPS receiver.

The band of charged particles 85 km-1000 km
(53 miles-620 miles) above the earth’s surface. The ionosphere
affects the accuracy of GPS measurements.

The primary L-band carrier used by GPS satellites to transmit
satellite data. The frequency is 1575.42 MHz. It is modulated by
C/A code, P-code, or Y-code, and a 50 bit/second navigation

message.
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L2

local ellipsoid

multipath

NAVDATA

NMEA

parity

P-code

The secondary L-band carrier used by GPS satellites to transmit
satellite data. The frequency is 1227.6 MHz. It is modul ated by
P-code or Y -code, and a 50 bit/second navigation message.

The ellipsoid specified by a coordinate system. The WGS-84
coordinates are first transformed onto this ellipsoid, then converted
to grid coordinates.

Interference, similar to ghosting on atelevision screen. Multipath
occurswhen GPS signalstraverse different paths before arriving at
the antenna. A signal that traverses alonger path yields alarger
pseudorange estimate and increases the error. Reflections from
structures near the antenna can cause the incidence of multiple
paths to increase.

The 1500-bit navigation message broadcast by each satellite. This
message contains system time, clock correction parameters,
ionospheric delay model parameters, and details of the satellite’'s
ephemeris and health. The information is used to process GPS
signals to obtain user position and velocity.

A standard, established by the National Marine Electronics
Association (NMEA), that defines electrical signals, data
transmission protocol, timing, and sentence formats for
communicating navigation data between marine navigation
instruments.

A form of error checking used in binary digital data storage and
transfer. Options for parity checking include Even, Odd, or None.

The ‘precise’ code transmitted by the GPS satellites. Each satellite
has a unique code that is modul ated onto both the L1 and L2
carrier waves. The P-code is replaced by a 'Y -code when
Anti-Spoofing is active.
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PDOP

PDOP mask

postprocess

PRN

projection

QC records

ratio

Position Dilution of Precision, aunitlessfigure of merit expressing
the relationship between the error in user position and the error in
satellite position. Geometrically, PDOP is proportional to 1
divided by the volume of the pyramid formed by lines running
from the receiver to four satellites observed. Values considered
good for positioning are small (for example, 3). Values greater
than 7 are considered poor. Small PDOP is associated with widely
separated satellites. PDOP is related to horizontal and vertical
DOP by PDOP?=HDOP?+VDOP?. See also DOP.

The highest PDOP value at which areceiver will compute
positions.

To process satellite data on a computer after it has been collected.

Pseudorandom number, a sequence of digital 1'sand 0's that
appear to be randomly distributed like noise, but that can be
exactly reproduced. PRN codes have alow autocorrelation value
for al delays or lags except when they are exactly coincident.

Each NAV STAR satellite can be identified by itsunique C/A and P
pseudorandom noise codes, so the term ‘PRN’ is sometimes used
as another name for GPS satellite or SV.

Projections are used to create flat maps that represent the surface
of the earth or parts of that surface.

Quality Control records. With precise positioning applications, this
receiver option lets you process RTCM-104 corrections and
satellite datain real time to provide position precision statistics.

During initialization, the receiver determinesthe integer number of
wavel engths between each satellite and the GPS antenna phase
center. For aparticular set of integers, it works out the probability
that thisis the correct set. The receiver then calculates the ratio of
the probability of correctness of the currently-best set of integersto
the probability of correctness of the next-best set. A highratio
indicates that the best set of integersis much better than any other
set. (This gives us confidence that it is correct.) The ratio must be
above 5 for New Point and OTF initializations.
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RDOP
reference station

RMS

reference
variance

rover

RTCM

RTK
S/IA

Selective
Availability (S/A)

single-frequency

SNR

Super-trak

Relative Dilution of Precision. See also DOP.
See base station.

Root Mean Square. Thisis used to express the accuracy of point
measurement. It is the radius of the error circle within which
approximately 70% of position fixes are to be found. It can be
expressed in distance units or in wavelength cycles.

A measure of how well the baseline processor estimates the
expected error. |dedlly, the reference variance should approximate
1. The test for acceptance based on reference variance only looks
for cases where the reference variance is greater than 1, indicating
that more error was encountered than expected.

Any mobile GPS receiver and field computer collecting datain the
field. The position of aroving receiver can be differentially
corrected relative to a stationary base GPS receiver.

Radio Technical Commission for Maritime Services, a
commission established to define a differential datalink for the
real-timedifferential correction of roving GPSreceivers. There are
two types of RTCM differential correction messages, but all
Trimble GPS receivers use the newer Type 2 RTCM protocol.

Real-time kinematic, a type of GPS survey.
See Selective Availability.

Artificial degradation of the GPS satellite signal by the U.S.
Department of Defense. The error in position caused by S/A can be
up to 100 meters.

A type of receiver that only usesthe L1 GPS signal. Thereisno
compensation for ionospheric effects.

Signal-to-Noise Ratio, a measure of the strength of a satellite
signal. SNR ranges from 0 (no signal) to around 35.

A Trimble proprietary method of processing the L2 signal when
the P-code is encrypted.
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SV
TDOP

TOW

tracking

uTC

VDOP

WAAS

WGS-84

Y-code

Satellite Vehicle (or Space Vehicle).
Time Dilution of Precision. See also DOP.

Time of Week in seconds, from midnight Saturday night/Sunday
morning GPS time.

The process of receiving and recognizing signals from a satellite.

Universal Time Coordinated. A time standard based on local solar
mean time at the Greenwich meridian. See also GPStime.

Vertical Dilution of Precision. See a'so DOP.

Wide Area Augmentation System. A satellite-based system,
available only in North America, that broadcasts GPS correction
information. WAAS capable GPS receivers can track WAAS
satellites. WAAS is synonymous with the European Geostationary
Navigation Overlay Service (EGNOS) and Japan’s Multifunctional
Transport Satellite Space-based Augmentation System (MSAS).

World Geodetic System (1984), the mathematical ellipsoid used by
GPS since January 1987. See also ellipsoid.

An encrypted form of the information contained in the P-code.

Satellites transmit Y -code in place of P-code when Anti-Spoofing
isin effect.
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